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RK\'ISER'.^ I'RKl-ACK. 

^LTHOiKJii the Jinimal oils and fate^ are ei>sentially siinf- 
l?ir to the vet((«tabl^ oils and fats in composition, the nv.v 
piatcri?4?^e(|uire sonn^what dilferent ’methods of treat- 
Tnent lor tfieir i‘xtractioii, ht neav it ajipeared to th*' 
author that a book triatinj^ speoiallv' upon animal fats 
anittiJt would form a iis'eful companion to those alri^ady 
jiublisjied f)n “ V(‘,^n:tal)l(^ h'ats and Oils" and “Drying 
Oils exti;nt of the various industries c<mnected 

with the pr(|parati<)n of marj^arim*, lard, taao\V, whale, 
seal, and fish oils, deoras, Wool fat, etc., urovi^s tliat the 
subject is a most important oiu! and that ,it must there- 
Jdre interest it very laroc numbej* of peojile. It should 
the. object of a U'xl’oook of this • kind to blend 
practical experi(.*nce with sc'ientilic knowledge in such a 
wayfis to rmider it acceptable* to the* largest number -of 
those to whomh’t aj)peals, and the* autlior is hopi'ful that 
he has been able; to do so, at any nfte to<at least a fair 
extent considering the large amount e)f mate.Tial to be 
(:ov<;red and the need'K) conde*nse it within a moderate; 
•i'ompass, 

rhe; third revised <;dition now issued has b(a;n con- 
^ siderably extende;d so as to include much new mate^.ial, 
at the same; time the te;xl has be;e:n thoroughly revisexl 
and brought up to date, it is the::(;fe)re: hope;d that the 
be)ok will prove use;ful te) all ihe^se; who are interrjited in 
tile production and use of Animal Oils ai.vl Fats. 
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IN i KoDrc HON. 

Pill'; [)n)(li;cts under llic n.nui' <>1' “animal Tats’' are 

clnsclv* tlflaj^eil, i)i)th in iheir cluMtiieal and j)r(*j)erlies, 

to tlu‘ \*e!.mtal)le faU. I.iki: the latter. the\' arc-.^fo^^the most 
[)art, compounds ol one ^)r nu'iar laW^' acids with i^h’cerinc. 
At ordinary temperat ma:s, thee are eithei* sol^tl, semidliiid or 
perlecti)' li(Hiid ; and leave l)eitind permaneTit j^reasy marks 
•041 paper. 1 ifex" dissolv^* s':ii;htl\' iit hoilinjy alcohol and com- 
"tely in ctluM*. benzene, and ca^lxui . I)i 5 ,ulphide , can ])c 
mi.A'cd toyetlu;r when in a melted condition, /b.. when heated, 
and Tire all li|.*lj)ter than w;^ter. so th.^t the\' lloat on tl#,at 
lipuid. When rubbed in tiwn layers <>1^ otliP^r substances, 
such, for'exainplc, as* the skii\ wwod. ^‘tcA, tlu:)' re|)cd watety 
li()ui<ls, and thereby alford a* eerPiin* amount of jiroTection 
apeiinst*the {Tenetration •'iich. h'inally, tliey exhibit what 
Js t^cnerallyplenotcal as a*" yreas^^' feel ” when handlc'd. 

I'hc fats are encountered thnucyhout tlu* animal kinpuloin, 
in all its classes and subdivision^^ 1 he\' an! i*iet wi^^ f!i 
hnammals, birds, ampTiibia, fish, and ev«-n in insects, and occur 
particularly in sc'parate layers under tlie skin, interspersed in 
the fleslt, between the intestines, or stor^^d in the brain ; a 
great part of the nutriment absorb/llinto tlie^animal economy 
being ^oyverteij into fat which uiuler normal conditions is 
stored as a reserve material. Thys, under ifei^;»in circ^iui- 
stanect^^the fat accumulated in the animal bo(Ty can serve to 
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‘su[)()ort the individual, lor a short /imc, as a means for the 
Q^mtinnance (jf Ifife dufin^^ periods \>'ben the supply of nutri- 
ment is cither reduc««l or fnlA't^' sus[i%nded. * This is de- 
served in tlisr case (jf ahimals ,#l)at#, bears, hed^eho^s, etc.J 
wlij^h hib'erniftc or lie dorrmyit throu‘.,di the winter, ^vvaki*^ 
in. sprin}^, or in a favuurable '>eas(jn, reducerl hi fiesh. * 

The am ‘Uiit o.' fat st<‘red- uj) in the animal,^»ftly is a 
oarlicularly variable <ii. antity, dependin;^ on the ^upi)Iy of food, 
ode (jf life -iiul other circumstances. .As a rule, the accumu- 
lation o‘ fat is favoured bva secure and undisturbed*e.\istence, 
but may also be C(jnsiderably increased b\' artificij^l means, as 
noted later. t he different land animals useful on aetount of 


their fat art* com[^aratively few in number, and comprise in 
fact only those that arc bred on a lar<;e scale to be utilised 
partly for food atid partly for technical purposes. Moreover, 
the fat of many animals is uneatable, bein^ of unpleasant 
odour and tlav'our; and it the case of many others it is presept> 
in insufficient (juant't)' to serve any industrial purpose. • 
There can be no reason to doubt that the fat of animals, 
cciially with tlieir llesh, was enptloyed by man, even in the 
earliest times, for inanifold pir[)oses, althour^h originally it 
was used for food alone. ' he use of fa*' for curative purposes 
— value in which res()ect is still attributed to bears grease, 
badger’s fat and dog’s fat by country folk — camelatei. Fats 
for burning and the purpose of illumination, their application 
to the body to enabK; it to better withstand inclement weather, 
also lor iirpregnating clotning and other articles in order to 
make them soft, supjjle an<l water})roof, probably formed the 
next stage of extension ; tinally, in very recent times, their 
technical utilisation has been considerabi)* developed for soap- 
making, candles, etc. » 

As regards curative [).)wers, the only fats at {)rcsent used 
iw jin\' quaiUity are lard and cod-liver oil — very few at present 
believe that be.ir’.s grease and other fats have anv- healing 
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powers, the substance n(5w sold under this^name, it iruiv be 
ii^ntioned, beinj; merelv n. njLxture of •lard a*nd tijlow. * * 

As progress was *inade In'thAnico-technical nu^tters, and 
the population increased^ attention wai? natur;?ll^y directed 
t(i^ards ihe recovci-y^nd utilisarton o^ fits, w/? c*:yi also re.tWse 
by the eiUKmous*consu;nptio^ of soap, candles, t'tc., the ^r?at 
iuiporta*^'e •attaching to the^jyf)tliR:tion,or aninnfl fats in the 
present a^e. * MoPeover, tl»e by-pro/ucts obtained in the* 
working u[) of tat i)lay ,in iinportl^nt tl'>s hein* jiaryculaily 
the^.'i^l^wi th fii ycerine, which is now produced in eiformous 
quantities. •Whc'feas liilf a century a<.ro the^^dycegne formed 
during sa*M''ni heat ion which {)assed in^o the*spcnt V^'e and was 
simply allowey to run to waste along with the lye* i.^ to-day a 
highly important article of coinmerc?,* the amount agnually 
produced through )Ut the globe being now very considerable. 
Both medicinal glycerine of high grade, aiiA several lower 
riwalities for yiTduslrial lue b(jMng mJde on a very large scale. 
** Thg preparation of fish oils'has <ilso ^^reatly increased in 
extent, and many new sources rr)f siqiply have t^en discovered. 
The iTest <iualiti\^ of cod-livi^r oil are* used for medicinal 
purposes, whilst tjie inferior* gra<Jes arc% chiefly used for 
technical purposes, sefving as ^ifmc^li^mts in leather* drg^yng. 
Whale oil and menhaden oil arc also now very largely used. 

So fllr as tlie rnethod'^f preparing animal fats is concerned, 
^liis was until com{)arattvely recently of a very primitive 
description ; the crude fat being jnelted or “ rendered ” in 
open pans heated by yireqf either gvilh or wit|^out wf^r, 
'perhaps melted again for purification, aiul afterwards placed 
on the market. The unpleasant e.xjialatious atteiulant on 
some fat-rendering operations, especially when old fats (partly 
ingjrrnixed with putrefying flesh)? f)ones, ei^.^'were being 
treated, «iid whiffi contaminated the atinosjdiere of the whole 
r^eighbourhood round such*tallow-boiU‘ng establisnm 4 ?nts, led*tf) 
the authorities insisting on a modification of the arrangements, 
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sr) that at the present time fat-melkini^ works with their per 
rectedm[)pli;^n(;es ^:arryf on their occupation without evolv'irijj 
any smell and withontdnconf'riA'MKe to aliyone in the vicinity’- 
In recoverirt^f fat fFom'ljones, ^dn€ as ‘well as fat is [)rodiiced, 
th(/.<'raw mateVi;*.! beiilif then -by tnllv’ utilised in ratioN^l 
n>anner. 

^ 1 he imp )rlanc'e pertaiyin^; t-o animal lats iiiftlftT worldy 
' ' ' .* 
'C(jmmerc{“ ( an be e-^tiueited to scyne e.xteiV by ^he list of im- 
ports and (.;>I()orts ^if various •countries, but thes(! do not L^ivc 
an adeF,uate (oiueption of tiu' maitiiitude of the *anijiia^ fat 
industrii:s, as they' take no account ol V he cvionnv)Us amount" 
which are locall}' V onsunied and for which in maiiycTtses there 
aia! no jAddvilu'd dat.i. 
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()ccl'kki-:nci,, okk'.in, I’Uopi r i ii:s .\k;i) cuTmil.^i. 
coNsn 1 1: rioN ()!• animal lats. • 


h'.VT is IbuinJ in aU tlu‘J)r^ans cojisiitutini^ th» aiiinial hod)' - 
ill indivicffla' places accumulated in lar^e (|uaulily— •as well as 
in all animal ^Hiiids, ^with the (exception oI uriife. ; C'ertain 
animals exhibit a meater tendencA' to%:crete lat than wthers, 
the domestic animals havinj^^ this faculU' parti< iilarly* well 
developed. In tlur animal op^anism fat i^ ^enerallv found 
enclosed in s|^;(*ial cells, iy lar^a.'r aiuVint in coimectivi; tissue, 
iff fhe f'^}ifii(u/ns (r(iif't>s/{s und(M' t*lie sUin, in the jilexus of the 
abdominal cavitw in the vicinity ol the kidneys#in the marrow 
of the 1)ones and*fpine, in thev brain, in 4h(‘ liver and in thf* 
milk ; and occurring patholoj^irtdly in soaei^ed latty tumours 
and in latt\’ de.i.;ener,ifion of tlfr.‘ vnigous tissues (ausc^l.by 
disease. 

(.'onctmin/ the orii,dif1)f the fat in the animal body the 
fgllowing ma)' be asserted! 1 he f:it stored up in the bodies 
of animals fed on a <^enerous diet does not consist solely of 
ready-formed fat absorbed jroirt the*foo<J, l)Ut is to consiewr- 
ifble extent elaborated in the body from caber chemical com- 
pound.s. From an exhaustive study yf the composition of 
the nutriment of the herbivorous animals, coupled with a 
kimwlediie of the remarkable chanj^e^ \^hich orc^^nj^: substances 
out.side tiie,orgaivsm may under^nj^ ami reflection on the im- 
jx)rtance of the individual constituents of nutr*ti(*fi, Lieb^ 
came to the conclusion that the carbohydrates btarch, dextrin, 
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Hit: b(!Rrly ; Jjnd on the. basis of his, i^ssumptions the opinion 
prevailed durin^^ sevifpiil decvideV tkat thc*'formati6n of fat frdm 
carbohydrates was<an flnassailablo faef. In proof thereof were • 
s|)ccially adv.'hiced th^ facts that in the carnivora, which, apa^t 
fit>m fat, cotii^ume no non-nibro^^enons food, the elaboration of 
fat is j^enenilly deficient but i^cteases considerably vviien they 
^are ])laced on a mixed, diet With, an exce^^s of 6Urbof'i)’d rates ; 
tbrat the buR of th^.'j hK^d of» herbivorous animals consists of 
carbohydrates ; and finally, that bees even when fc(f for a long 
time solely on \Yax-free hone)' or sug.^r are,still ^ible to pro- 
duce wax i-i.f., a'-fatty body- -without loss of health <jr weiglU. 

1 he* researches ma<le b\' Voigt and Pettenkofer, 'uowever, 
showed that it was t»^)re probable tha't the albuminoid sub- 
stano.?s in thc^ foO^l are, af)art from the ready-formed fats 
therein, the chief source of fat,* and that (juite a different 
interpretation must be placed on the functions discharged , lx/ 
the carbohvdrafes dll tliis eonnection ; the latter do not ' i*l- 
present the special material frotn which tlic fat stored in the 
Kody is produced direct, but tlte\- are none, the l(;ss e^^sential 
l^in the dietafy of^/he luabivon ms animals *at least) in order 
\lujt fat fnay be elabdratetl. . * 

hettenkofer ami Voigt h.ave demonstrated that in both 
carnivorous and herbivorous aniirtils t!ie de'hom posit ion of 
albuminoid substances invariably Results in the separation of 
fat which in the course of ''Ubsequent alterations is either com- 
'■p^^tcly C(*nsumed or, whvn protected from further oxidation 
by the [iresence of otlier easily oxidisable substances as thl- 
carbohydrates, remains as a residue in the body and is laid up 
therein as a valuable store ot reserve force ready to be drawn 
upon in tinv* ot need, i Lhe importance of the carbohvdra'ces 
in the tormation of fat is therelore restricted tp Inhibiting 
kthe com\iVst*ion of the fat separated in the decomposition of 
the albuminoids, so' that the fat may have the opportunity 
of accumulating within the tiesues. Actually, th^ fat and 
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albuminoid matters of Uv dietary arc* ahvaVs M)^itkienf, evc^i 
ii^the case of the enflrmous#l;Aj)it)ductkm e\hil)ited^ b}' milch 
kine, to yield the fat i^'<juflc‘d. fatteiii^i*; ^vith cjfrbohvdrates 
(n^ly efficient ^)r()vided albumiiuftds an» ^uniiltane(/UKl\’ 
sTipplied. 

By l^ea^is of a mcthodicri^ sU'm of dfetin^ fattening; ” 
or " fecflin^ an increase 4)f the fat^and llesh of animals' 
destined lor the slaii|j^ht(‘r-hou:*i: ca^i be^mx lufed. As tf»e 
1)0(U’ ?i|j in the course of tatteniiiL; tlu* animal assumes a 
condition of, inip(;rfect^U'a!th. lor which reason Ijiphl)- justih' 
able ol*j(!ftions ha\e been raisc'd a^.iinst *ove!-fttlenin}^ (a 
course oT (c:edin;^ first practisc'd in Itic^land , n (4 ofil)' from 
a veteriiiarx' standf)oint but also in vif^v of the utilisation of 
the meat. The most nutritious and besf ffavoure<l meat is 
obtainable oiile Ircun aninuds in a condition* ranoin^f from 
M\fij)ient fatt^ei1in«4 up to the hall-fit staije, whilst vet)' l.'it 
feflsts, on the othc'f hand, yield* c hiejlv tallow and fat, their 
ffesh and blood bein^'^ dc-fu:ie*it in thos(r constituents which 
ipajst ^lle('tivel)' ♦i^.'t in the (•lat)or.ition olyualtc-r in the animal 
economy, 

['he folhjwin^ animals are tl*o sc* whose fat is mdst t^rj/.efl 
and utilised : oxen, sheep, j)i;^;s*and*hoTses ; am<)ni^ birds the 
^oose jflmost*exclusi\el)P ; also the lari^e marine mammals, 
such as the whale and seat, the (K’jlnhiti, also ainon;/ fishes the 
shark, and a number of smaller fish, such as the cod. ray, 
herring, s[irat, sardine, ancUo\y, etci * 

• The positions in tTie animal l)od\’ where the tat is stored 
are various. It is often enccjuntered in considerable masses 
directly under the skin (as in the l)i} 4 ), or betwecMi the intes- 
tines (belly fat;, in the brain (in •fht s|)erii^ w 4 ialej, in the 
liver (of, numerous fish ;, anrl, finally, distributed throupdiout 
the whole body, so that in*order tcj recover it theTmVte carc^^se 
must be boilerl or pressed small fish, such as the anchov)', 
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• At%)r(linyry temperatures the^ammal fats when in a pure 
state are ^olid or hquifi ; th<^c( 5 Vifr ranj^Js from white (tallow, 
lardj to yell*)wish-u*hite, |)ale yelh^v o? brown (fish oils). The 
soltfl fats mel,t‘at, between 20 ‘aiul 45 iyid the lic^uid fa^s 
bet^ome semifluid or (juite firm^ at temperaftires from 5 ’ C. 
downwards. ■ I'he s(j-/:alle (4 lrylmi;-points are v#iri^us, anrl 
Vheii heated still furrier all tiv* fats ar# decomposed, their 
^lecerine bein;^ coRVertod iifoi acrolein, a substance with a 

r V ‘ • 

most iifipleasant smell. The specific gravity of ih^^nj^ial 
fats is jc'ss^than ihat of water, and can, ‘as ii^ thctcase of the 
ve^W'table kits, he re^aialed as a characteristic indfeation of 
their purk\’.* * 

\\ Oen Iresh. the ;»ifinial tats, for the mo.st part, have an 
a[,n■ee^ble odour, tlic only exceptions being sundry fish oils; 
on the other hand, when old, the\' have generall)' a rancid 
and unpleasiint, sometiifu's |)Utres(.^*tU and repiilsivi?, 

smell iold bone fat, blvl)l)er*, etc. . The Havour of somi/Ts 
agieeable, as i^^ those generally emploved lor alimeutal pur- 
}K')ses (butter and l;u‘d 1 ; in otlvrs tallow, ^‘Sjieciall}’ ihutton 
tallow, unpleas.-my; and in tin* case of fisj/ oils, occasionally 
naus(^ous.‘ \earl\- all fivt.^wih^ produce, even at the ordinary 
temperature, gri'ase spots which do not disapjiear on warming, 
and even those of highest melting^'point give rise f<j grease 
spots when heated. Whiai' absorbed l)y a wick, all fats wiil 
^buiii uith a nioie or less bright, smok\’ and strong-smelling 
flame. 

Ihe solid tats when viewed under the microscope at the 
ordinary tem[)erature :,ippear througlumt as a mixture of solid 
and lii|uiil substances. The st)lid jiortion consists mainly ol 
ci\stals in t^ie^j^hape ol' phites, needK*s or tufts, wliich havjc a 
compositiem different t,o the matrix. If tl^e fat be .warmed 011 
S ^lass sl\) just to the melting-j)oif\t, sundry solid amorpjiou> 
granules will still generalh' be observable in the mass. 

On cooling^,’ the con,stituent'A rystallise out a^gain, mostly ir 
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the form of needles, hijats poor in^oleinS^he liijuid ^orti(^n 
A\)pears in the form»of droj^s^^uli it fo^rns tlie fluid matrix in 
those rich in olein. 'Wtis ^luid mass i^vhgi viewiiil* under the 
microscppe frequently apjxiars^not t(» be h9nj()^;i?neous^^but 
to contain drops wit^ a differenf po\t'er t)f refraj^tion from jhe 
remainHef^ 

1 he fats ure ii^soluble accon lii^; to recent staiemem^^ 
soluble, though with extreme d^fhculty in^w.iteis and but little 
.soluble if) cold alcohol, though };enerall\' sli<,dul\' sfluble ir? 
hot :iTa)hoj, aiuj easik\' soluble in ether, iKMizeiie. ])etr()leiun 
ether, V*t€. 

rki(;iA< I kii) 

Owitiq to thi, fact that tnixcal t^lycerides aia.* usually present 
in fats it is extrenu'Iy didicult to juej^are jnire triglycerides 
'>V(nn them J\v j)rocessei of recrystSllisati<»n or in other ways. 
hus„ for instance, du de])osif froui an^ etliereal solution of 
lard after once crystallisini^ 'has a ineltino-yf>int ol (> 2 '() 
whiJt is increilled to r)5-S J. . after si^ crystallisations frJMii 
the same !i(iuid, jvltile beef fallow after (*pce crystal lisini; has 
a melting-point of ^'5 C., f.'hicdt, ri*ses to bo ('. aftg' <ix 
crystalli.sations.' .'Vs the me]tino-|xrmt of ))ure Iristearin is 
71 -72* C, it is eviden't Vhat none of these products consist of 
.pure tristearin, but that fhey contain tristearin and tripalmitin 
in molecular combination. 

Pure triglyceride^ a r<;,* the re lore, usually prep.^.ed sygt^lie'^ 1 - 
cally by heating the fatty acids with exce-^s c>f glycerine in a 
sealed tube under pressure. I'he followin'^ tri^dycerides which 
occur in animal oils and fiats h ive thus been prepared : - 
• C) . C, 1 17O;/ ^I'his is colourless li(piir, 

which^l(K;s nolf syjlidify except at^extremely low temperatures. 
It distils unchanged at 11^2 -184 C. under a pre^siul* of 24 sp*n. , 

' Kr(:'s and Ualncr. 
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h.ijS a ff^nsity of i •t)324,4;iiKl a refrac^i^^e index of 1-48587 at 

9(y^ ^ ® * 

C. (Sclv'ijj. C'oiitatiied ift lAftter fat. 

4 • . • . - 

Q'iv,ili'>\n, i () Stated to be {)rescnt ii4 

dolj^hin and p(^r|KMse oils.* 

^'nt iprom. C ,f{ i() . ('.K.A) f Fol^ins a coloiftl<i^s and 
t^i'^tcless lifjiiid, which •vlidihes afjibout ^60' (j. , anfl has a 

•‘-’I’- K**- an(4 the •refrifu- live index 1-44265 ^t “ , C. 

* % 4 

(Scheij Stated to he j)reseiU in butter fat, also present in 
coconiut* anti palin-iiat oils. 

/V6vr/>i;i////, (',l{.;'() . f'J Colourless and t.Meless 
li(jiiid solidHyino at - 1 5* f m <i'id h ivino*the 0-9540, 

and thii refraclivi* iddex 1-41817 at C'. Scheiil Ibis 

• • 4 

l^lyceride is also j)resent in|butter, coco-mit and yalm-niit oil- 

/ ncaprut, (..jlC fC) . ( JIi-O,. . * lb*is i^dyceride*is solid an 
* • • 
crystalline, and yielts at 31-1 C. Its density at C. i 

0-9205, and refractive ibdex at the* same temperature i -44401 
It is present in biittc?f fV. coco-nut and j)alm-*nut oils. 

/V/c'rm////. C,ll,(Ci.\^,H^Q., . Solid crystalline fa 

meltin^^ at 55 C. Its density at bein^^ 0-^848, Jind it 

4 , 

refr.ictive index 1-44285. 'I'rimyristin is contained in butte 
fat, lard, and human fat, but. it is die characteristic iflycerid 
of ni»t»inej4 better. 


I'ripalmitin, C.,H , t). C„,H.„().\,. This is one ot the mos 
widely distributed o(^ the* tra^lycendes, bein^ present in mos 


t)ils aiul tats m association^\v;ith triolein and Iristearin. It is 
lustrous white ciNi^tallinc product, meltin|r-point 65 C., sp. ^1 

at y C. o-8;^7*,an(l refractive iiulex i < 13 ^^ 07 . Tripalinitin haj 


when quickly cooled, two apparent ineltiryq-points^ one occur 
tiiig at 45’-46' C* and tho other, ;L*65iC. * 



PKOPKKTIEJS^ANU C^N!jTr|i)L;M'IDN OP ANIMAL PATS., I I* 

Tristearin, CaH^/O . (rlistciynj.^ white (^^stal- 

' • , * * '* * • 80" \ 

line product melting at C*. , ha\*inc; a density at . C. 

b[0‘862li and a refractive index at tj^e same Jeinperature ot 
<■43987 (Scheij), ^ 

Trii^efehin, ^y();t). ('i^itained in snjall 

amount*in Iji^ter fat. 

Triolein, C.JI.iO. C,.,l l‘'orms an alnjost c()K)urles^ 
oily li(iui<^ solidifyi!!^ at - 4 It*s sp. t;r. at is C. opoo 
* their vci^etajjle coiy^eners. the animal fats consist 
princip^yy of neutral ^lycerides.of the fatt^^acitl^ and there- 
fore hare the ^^eneral formula ( .jH U) ()(' K' , Vyerein 
represents a ftioiuna^enl h\drocarhoi^ radicle. In addition to 
this the fats may also contain free Tatty a^iids. SjR;rm oil 
and the S{)erinaceti obtain(*<l tluaefrom (‘nnoyii, lu-wever, no 
^jjjlycerides, bu^ ethers of thi; hif^her alcohols of the fatty series, 
^pd should falon^ with 'fliark o^l and probabl)' all the oils de- 
rived *from marine animals and havui^f a sp. ;^r. of less than 
0'88J^ at I 5'’ C',^) iM'operly be ntle<.;ated to thc‘*('ate'^or\’ of the 
u axes. 


AMMAk \V.^>tls. 

Cetyl Pabnitate or \etiu, f (.dht.) • ^ ^ ^ ^ i.'J ^;ii' 

Principal constituent in sj)ermaceti, from which it can be pre- 
pared by fractional precipitation from ether. It forms c<)lour- 
less crystals meltin^y, at 5^ ,C*. • ^ 

Ceryl Cerotate, • O • CX) . C'jr.H.,,. This is a c<;nstit- 

uent of Chinese insect wax, but it is .ijso said to occur in wool 
fat. White ^listeniiy^ scales melting at 82 5' C. 

• All the animal fats may be .sa|Aui(tied, i.c.. deVomptJsed into 
fatty atids and ’^l^ocerine, b)' alkaljs, d.ilute acids and by mcan.s 
•061 superheated steam. Hy this process th<* followidp^ acids«artd. 
alcohols have been separated from the fats and waxes: — 
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A. A< IDS. 

I. Saturated AcitisXff the^ it^f^rhl honhula C^H.^nO.^ of the 
Acetic Serie*. ; 


ric aJ^d . » . 

C,ll<).^ 

Isf)\ .ilci ic aL*id . S 

c..il',.o, 

C,ipr^)ii; acid 


C,ipi\ lie vtid *■ * 1 • 

Cjijp., 

C.ipi iL a'Vl 

L,.,n,,no, 

I-.itiiic acid 

C,,IL./). 

M>ri lie acnl 

c,4i.,,(),, 

l.socclie acid 


I’^ltiitlie ,icid 


Dafciiric (in.irgaric*; acid 

c,7ii-,o, 

Stc.uieaci(f 


.Ai.ieliidic .ic id . 

c.,,41,,0.. 

Hdu iiie .14 fd 


VipiHi.ciic (cani.iuhic) acid 


^'(■lotte .uid . . • . 

Ji ,.o. 

McIi.ssk .icid 

L:,,.ll,„0.. 

S 



2. ( ’^saturate / Ar/ds *{:a/t// Poulde /naid) of 'ihe (A'ueraJ 
I'ortuula C„l I ji, , .,( ) .* Olefc .Scries; - 


<C if^lie ac id . 

Cl 1,0. 

ll\pi>i'.%ie .icidi 

• c„n,„()y 

I’liN -iciolfie acid 1 

Olcie .LCi^. . 

• c,.4i,,(V 

D... ;;lic .Icid* * . , 

. C„H..p, 

Jccolcic acid 

• C,„Iip),/ 

(i.ulotcie .icid 

.•CJlp' 

I'll lie ie .leid 

4 c\.n,.o, 


Aeids [loitfi iridic Bond) of the Seuera/ formula 
„40.j ^ I .iiiolic Scries'''. - , 

I Mioli.- acul L'*ll ,,(), 

I' l.f'oni^ig.UK .icul C,.,II...(). 

4. Aeids of the (iennal f'iO-mula ,.,0^ (I.iiiolenic 

‘Series) : — , 

*1 aucl *. C,, 11^,0. 

DolmolLiiii: acid . . C,oH,„0., 

• IlY(Af.\ T Aeids of ^ the Seueral Formula 
(Riciiioleic Seflt's) ; — 

Wiciiiolcic add . ,-t- . C’-sH.^O. 
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\V Alc ohols. 

I Trivalcut Alcohol of th^^uninula 

• « I • • 

( ilycL-rol^f^lN iiic) . . i 

2. Moliovatent Alioli,<h of the Fatti' Scrips, wifli thf For- 
mula C^I,,, , ,o, -- '* 

Cetyl alcMiol (cttil) . . 

OctOiitC) 1 ^ 

t t r (isO Ct I N I) ulcdliol (.',_ll.„0 

MviicnI (nulissO) .\l».)lioI ^ C.' 

V Monoi'dlcnt Arotnatic Ala^hols 'Sterols : 

CkoKst'v'ol . - 

Isoi liolcstt rol . ? C, llj.H) 

LhvlDsHTo) (Silosleml) C,_I1,,;0 , 

'The fats consist inost haajueiill)- w»J the t>l\ ceri(‘le pal- 
mitic acid ; paliiiitiii, tri-palmitinj, ( 'J ; lh;t gly- 

ceride of stearic a( id (steaMn, tri -st^Mi in \ ( J i ; 
^pd the ttlyct.M'ide o( oK.'ic acid (Olein, tyi-oleiii), ( .,1 lr/( j,,! 
t)khcr acids 'occur in small (jhantitit s in xaiious lats, a In^h 
proportion ol such an acid heiny L{<Mierall\’ characteristic of a 
certain fat. are ^ 

Ihdyric acui^o^ a ;^dyccrid<‘ ; l)iityriio, hi the proportion of 
5 to 7 per cent, in co't'’s butter., _ ' ^ 

I sovalcric odd, occurrin*^ in ( ondiination with j^lycerine in 
dtilphin and porpoise oils. 

Of the cofroic ocids, i .ohulylacetic a( i<l otcurs as caproin 
in butter, in which caprylic aixi rapiO a( ids also are ])resent 
in the lorm (jf lajirylin ant* caitrin; so that cow' s butter con- 
tains about 8 j)er cent, ol thtj: |,d)cerides ol these* acids. 

Physetoldc acid, in sperm oil ; and 

Doeyiic add, in Arctic sperm oil. 

I’he solid and litjuid animal fats (b'ff'.r Ironi one antjther in 
consisteiicy, this„bein;4 deiiendent on the* varying' prf)[)ortions 
of the individual diyccrideii present m each ; stearin and p.:i’- 
mi'tin bein^ solid at the ordinary temperature, whereas olein 
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is liqi'id. All rancid fats contain free fatty acids, the forma- 
tion oi which results from a decomposition effected by the air, 
whereby idycerine and free fatt^’ acids are produced, but other 
chan^ujs are broui^ht about by bacteria and l)y oxidation. 

'^I’he saturate'd fatty acids up to cai)rv:: acid, and the oleuj, 
doej^dic and various ve<^etahle hitty acids are liq^uid at the 
ordinar)- teihiierature:' the rehidi/ider bein^ solid. , liutyric, 
caproic, caprylic and capric acids, beintj ca'pable of distillation 
withouV. decoinposidon, .inder ordinary pressure, sire styled 
volatile tatty acids, and are also more soluble in wai#' tf'.an 
the other latty acids, 

h'ATTV A( IPS. 

Iin*vyic Acid, H(\li;(),. 'i'he acid is liquid at the ordinary 
temperature and exhibits, when freshly distilled, an odour re- 
sembling; that of acetic acid, but in a dilute condition has a 
very stron*;- smell like raiicifl butter. It boifs at 162"^" (l.\ 
sets in a flaky condition .at iq C., has a sp. ^r. of 0 958* at 
14" C., and refcaclivi- index at 20’ C. - 1*39906 (.Scheij). It 
is readily soluble in \yater and can be sejiantAd therefrom as 
oily drops b)* the r.ddition of calcium chloriile or by common 
salt ;,with alcohol and edier it is miscible in all proportions. 

Solutions of butyric acid have a corrosive acid taste, 
redden litmus and decolorise a slii^htly alkaline phenolphthalein 
solution. Metlu'l orange also is reddened by solutions of 
butyric acid containing no butyric salts. If a rlilute aqueous 
sok.tion (H this acid bc‘ ihstilled, the ;jcid passes over com- 
pletel)- in the distiljate : in the case of very dilute solutions 
the attainment of th;s object is facilitated by previously 
'' neutralising the acid with soda, concentrating the liquid by 
evaporation, 'and distilliilg hfter adding dilute sulphuric acid. 

Conceiitrated butvrjc acirl when warmc^l With alcohol and 
(^iicentralred sul[)huric iicid forms* butyric-ethyl-ester (e^-jiyl 
butN’rate'. which is recognisable in small quantities by its very 
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a^^rceable odour of pintf-apple. To detect the presence of 
butyric acid in very dilute solutions b\* this feacti^>n th? liqind 
is neutralised with* soda, •eAi|Kfrated* to dryness^ and the 
residue wanned with a?C()h<^l and sul[) 1 uirR: acid* A {jortioii 
r^frthe l:uityric acid is also ethewsed dl!rin^^ ^sap()uific.;%>ion 
of fats containhi^ this acid^ bV stroni; alcohol ami cauMic 

Cdproic Ul me monienc caproic acids 

isobut)’lic acid occurs in animal ‘fats , to a lilit^ht ?“xten^ l‘i! is 
a lyuit^ soluble in coco-nut and palm-nut oils, Init fiot mis- 
cible with ^vater, and/ possesses a snu!ll re)>em^lin<^ that of 
perspirafit3n. 1 he sp. qr. is 0'<)^5 refrai tive index 

at 20 ' C., 1*41635 (Scheij : ; boilin{,^-j)oint, ipO/'C',; settin^^- 
point, below - 18 C., at which tempc^iiture it is still liquid. 

Cd/>n'/ii- liCJf, is also li(iuid.M)ut sets, on coolin^^ 
to I2"C., to a crs'staliine mass, meltin^^ at fd-s" C., sli}.,duly 
soluble in w^itl^r. Hoi linj.^- point, to 237 C. ; sp, j^r. at 

C., O’Qiq ; refractive index at*20 (J., i *.< 28^25. It is present 
in butter fat and in coco-nut •and palm-nut <nls. It has an 
intcnsft smell ()i^pers[)iration^ and is soluble in 400 parts of 
water. » * 

Cdpric Acid, lonns. at Ihe ordinary tenipera- 

ture fine flakes wjuch melt at 3 1 •3'’^3 1 ‘-t ’ C. and emit a ^u)aty 
0(four. •The s*p. ^^r. (af the melted acid is 0*93 at 37 ; it 

j^oils at 2r)8'-27u C., and i part of the acid is soluble in 1000 
parts of boiliii^^ w'ater. Is container! in butter fat, fat from 
goat’s milk, and in coco-nut and pahn-nut oils. 

• Palmitic Acid, Pure i)almitic acid can be 

obtained in the form of tine tufted ^^roups of needles, or, after 
melting and re-solidification, as a crystalline scaly mass with a 
iijfcreous lustre ; it is tasteless and inodorous, melts at O2 C., 
and at temocrature has in the liquid state a sj). gr. (jf 

0*8527 ; refractive in<lex at 60' C., i *4 524 ; Ruttan;. .’At abc’,jt 
3*0 C. it is for the most part volatile without cfecom[;osition 
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and will l)()il at 3d8-5 C\\vhen the fjressure is reduced to lOO 
inm. hf ineiv iir\'. ■ . o 

\Vhei| melted pidinitic^ HL'id' is plated on jiaper, or an 
alcoholic of ethereal solution of ‘die hcid is left to evaporate 
thereon, a ^reas.^* spot is produced. i'h^ j^cid is soluble wfj^h 
didiculty in cold alcohol, loi*) jiarts of the sblveiit taking up 
oi'ily p'^3 parts o‘t acid, but »ib is very readdy ^fis^dved by 
boiling alcohol, and ina)', therefore, be verweasilf re-cr)’stallised 
from k*^is solvent. ^ l lui alcoholic solution hasanacid reaction. 

Diliite acids have no action on {lalmitic acid, bi^_ it^ dis- 
solves ill coiiceiy rated su!|)huric acid, f,'‘-cr)-i talh\Mig, however, 
unchanged, on dilution. Boiling concentrated Tiftric acid 
attacks 'it very slowly. I'he salts of palmitic acid are very 
similar to those of slc^vlic acid, but are somewhat more readily 
soluble. 

StC(iri<- Acid, 1 t’ure stearic au'd crystallised 

from alcohol s(dutioii founs white Ipstrous laifiiy.e which m-ult 
at Ocpj to a' |Kirfect,ly cdlourless lluid and set to a trarfs- 
lucent crystaljjne mass on ccxNing. When heated to jOu Cl. 
U begins to boil and partly deg)mposes, bujj’ ma\- be distilled 
without alte'rati('ijtunder redu^i'd pressure -at 3()i under 
a pr<^\ssure of too mm. ^ When distilled by superheated steam 
it also passes over w'llhdut apjiarent rlecomposition, but, ac- 
cording to observations made in thb distillation of Oitty acids 
on a working scale, a small portion* is really decomposed, beii^g 
convei'ted into solid hy<lrocarbons of the f-'nUjn -j series. 

«*. i'he s^). gr. of thi^ arid at' IF C. is almost identical with 
that of watr:r, hut at higher temperatures it floats in the latter 
liejuid owing to its grpter coefticient of exjiansion. The sp. 

gr. of the acirl melted ;'t* ^ C'. is 0 ' 845 .p 

Stearic acid is ilevoid of liavour or smell feels.gieasv, and 

t 

'uill leaOc a* greas\’ m;wk on pa|)er whether applied in^ the 
melted stale or in solution. It is insoluble in water, but 



1 


• i’KOPhKTn:s AM) t;oNSTn^r.T^)N of an*mai. fais. 

* • * 

readily sf)luhl<.? Id hot alcohol, thou^di in jcold alcoh^fl it is 

even more difficult to * iTsscH^- than palmitic afid, one part 

• • #1 • *• ' 

of stearic acid dissolvyi^ m 70 parts^of absolute iilcohol at 

•I s C. ; criier dissolves it readily, and C'. l |k.irt of hen- 

• « . '• • * . Alp 

A'lie will dissolveV)^2 part, aii^ l part of larUiu bisulphitle 
o ^ par^oWstearic acifl«at .? >%('. p ^ 

• .1 />/<•'//’/ T/c is stated to he present ill 

small amount in butter fat.* It forms Ldi-.ti‘nig;^ (lystallyne 
scales, is ceadily soluble in hot ahohol but almost i.C;(dul)le# 
infoKi alcohol, but soluble in eth<“r, beii/iMU', chloroform, and 
ben/.in«.^ ’i*he meltiniJ-jx »int of t]ie acid is 7^* ('.* « , 


( i-mk) . }(/(/, IK II ,( ) . This anid is stat<‘<l lojiccur as 

• • 

cer\d cerotate^in woo^ tat ; it is aNo free acid presi-nt in 

* • 70 * 

beeswax. Meltiiicppoint 7S (’. and deiisrty at ( 0*^3 sc;. 

It cr\'stallis(.-s^ trom solution in alcohol in lustrous white 
si'ales or in f^iv lu.'edles. • It is readily solubji* in hot ah.ohol 
but jii'.tctically insoluble in this liijui<r in the < old. 

//j'/’eyv/v'e .li/W, II('|,;1 1 W hite needy's, melting; at 

' C'., yradualljt turnini; bnAvn an<l deromposjny in thi' air, 

lorminy^ liiluid tatK' acids ol rancid lla\'yur ^ ^ 

/ V/r.\v7e/c/c Add, 1 1(. 1 1 i,, has •tljt' sanu; compositaH^ as 

tl^: precedint^ *icid, but differs considerabl)' therefrr>m in bein^ 

unaltered bv the action of nitrous ai id. It melts at so f • 

• • . 

ft. is found in sjierm oil. 

(Vt'ic Acid, 1 1 C'l Ow’in^to the lact that oleic acit^ 
Js usually accompanief^ bv *)ther un^fatumited .icids it* is diffft^dt 
to prepare it in a perfectly pure state. Jn this condition it 
appears as a colourless and inodorous Aiil which sets at ( ., 
byt does not melt ayaiii below l.y ; the sp. ^r. at this 
teifiperature is oaSpS ; refractive index 1 •-1038 n f • Ibider 
01 dinary* pressuil' <he acid cannoV bo distilled^\^^hout fle- 
c^rmposition, but when heated by st^aiij at a t'j)if>erature *>? 
250 C. it passes over unchani^ed. 
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When perfectly pure it does Jiot redden litmus paper, but, 
on the otlufl' hand, it exerts *idd ^reactioij on phenol- 
phthaleiii^ since the frt^sh fatty*acid mixture (very rich in oleic 
acid) {)repared trom Jats b}’ saponification and subsequenl 
acidification of the soa})«soln^ion can be iic<?urately tifrated^^ 
means of this indic^itor. 

\Vh(‘ii exposed tortile ah^ ofceic acid becomes ^elk)vvish ar 
yellow, acapme^ a rancid (xloiir Ind reddens litmus. 

d’lVri acid is iidolublfr in water, but readil\- sulutle even in 
dilute cold alcohol. It may, however, be sejiarated fr:im<his 
solution by *the’'^iddition of, a lar}.;e \’t)lumTr of An 

attempt h'as bemi ma^le by David to found a method of 
separatioti tor this acid on account ofe its iqrutiter solubility 
than tile solid ,fatt\' adds in a mixture of alcohol, water and 
acetic acid. 

If to / jiarts by weiyht i i molecule) of oleic acid there is 
•jjradually addesl 4 parts''of bromine, with contmual shakiiig, 
the whole of the brV)iniife will be absorbed and dibromostearic 
acid will be ttwmed, hVom ifs method of jueparation this 
substance is known as the dibilunide of oh. fc acid. The re- 
action occurs accotVlin^ to the e(iuation 

' C',;ir;T'0(Ml 1- Bi, C,dI.,;,Hr.,CO()lI. 

(Okie :iei(l.) (Oihroniostcai ic acid. I 

When suitably [lurified the product forms a clear oil. A 
similar reaction in which iodine rejilaces bromine is obtained 
with an aicoholic solution of oieie’ acid in presence of an al- 
coholic solution of iodine containin^^ mercuric chloride. The 
amount of iodine absorbed b\' oleic acid is 90 per cent 
(llubl’s test). 

If nitrouo^acid be aboued to react on oleic acid the latter 
sets hard, in a sliort time and becomes ccriverttxl •into the 
iitv)meric 'elaidic acid, wjuch may," by re-crystal li.sation 
alcohol, be obtained in the form of plates melting at 45° C. 
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Doeglii Acid, HCi .n has receiv^^d buj little attejJ^ion^ 
hitherto ; it is«a yello^' oil sitiTrjyr lo oleip acid ancl setting; at 
^4 ' C. It is found ill Arctic .'^)crm oil. 

• Jccoleic Acid, Th^s acid w statcy ]^y ites’crd^l 

to«^3e present in cnJ-lR'cr oil. 

(riido^/c^Acjd, I IC According ito Hull, cod-li\'(ir 
oir, herrin*; oil, ^and whale oil^ toiUain ai/acid which he calls 
l^adoleic acid and to which the above formula is averibed. 

I.utoUc *>Ac/d, C I'he characteristic acid of seed 

(;il i^ ai>o t)resent in .ippreciable (|uantitie.s in some animal 
fats, C..V.? lv(f, hare lat, and hurse«lat. It is^i cofourlesf^ oily 
li(|uid which does not solidify at - nS 4.'. and has a^dewsity at 
18' C. of O'pO.?^. It irf (easily soluble ii^alcohol and ether and 
absorbs oxygen rapidly on exposure to the;iir. • Linolic^ acid 
combine^, with 4 atoms of bia^mine to iorin the*tetrabromide, 

I.j.Oobri, wl^ch melts at 114' 

Al.<( )1I< M.s. 

C c/^/ A/C(>/i(d, X ' occurs in spermacetf in combina-, 
tim; w'ith palmit ic'Ticid as cetyrjialmitate. jt forms a colour- 
less crystalline maftni.aj, melts a^t 50' (•. and boils .without • 

(.lecumposition at ^4 C. Its density at* is o*8io;, aiul 
# . • « ' 4 

it is insoluble in watef but gasily sialnble in alcohol amj ether. 

* *Octodecyl Alcohol, C,,dI.,,jO, also occurs as an ester in 
spermaceti. It crystallises froyi ak-ohol in Edi'^tenmt,' wdiite 4 
scales melting at 59 C.« Af (Ordinary |jifrssure it dL*tompos*es 
on heating but may be distilled under dimwiished pressure. 

Glycerol or Glycerin, This ;flcohcl is the basis of 

all .true fats (glycerides) and is obtaii¥:<i fnmi them by saponi- 
fication with alkalis or hydrolysis with acidsV '\Vhen [)ure 
it forms a thick colourless transparent lh:]uid, very ^l^cet and ^ 
hdl 1.0 the taste but without odour. *It.'* densit)’«fcat* i 5'’ C. is 
r26468, refractive index at C. 1*4742, and_ boiling-point, 
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On fljstillii^ at this temperature under ordinary 
()ressure, however, th^-ia* is^i ariK^uit of decomposition, 

but it dtstjis imchan< 4 ed under Jimidiisfied pressure. 

LV/^)4v»/<7v^/, H-t ). 'Hiis alcohol is prcseiit in hy.L^' 

pn)[)ortif)n ifi wdol fat, \fhileV lanolin ” ct)n*si.sts almost entir5i\' 
of it. (t is also contained in fit#)f (r;^L;\olks, I’lu^ c^)lesterol 
crystallises in needles whicJi rti^lt at KiS-isjp'l'. • It is ui- 
s^duhle in ivater hut soluble in ah'ohol, readily soluble in 
(“tiler, ^hlo!'ot(jnn, and carbon bisulphide. 

/s<>(//,i/i\s/fn)/, ( 1 1,.4), is also |)ri‘scjit in wool fat. ^Tt I'^rms 

• ( • ( c 

fine treedk's wliii'h melt at* i ^7 -I 3 <S C. .Slightly, if^rfluble in 
cold alvolnd, but molt.' freel)' (*n heatin;^, easil)' Soluble in 
ether. 


Tilt isfll.VI IDI'S. 

* . 

In dillereiit parts ut ihe animal /^\. stem and in plants tlun'C 
occur, usually in a-'Voci.Aioii with ordinal)' fits, certain tpeculiar 
fatty siibstano.'s which ('ontaiif both phosphoi us and nitrogen, 
to which the nami' "•phosplialidfts ” was applied b\’ '] huAichum. 
riiese substaiK c.'s ‘n.ive a sonu^wh.it eom|)Jicated constitution, 
bik the\' are rei^ardi.'d a«; denVed Iroin yl\’cerol, one h\'(lrooen 
ot which is replaied b\' phosphoric acid, and tlji' other two^bv 
fait)' acids (jialmitic, ste;iric, oleic, etc.'), while a choline 
radicle rei»la(es oiii,‘ h)(lroi;en atom ot tlie phosphoric a(;id. 
Other bases be-'ides chpline appear in sonu' cases to be 
present ai\d there is usual*!)' [)re.sei'it calcium and iron in small 
amounts. The [)hosj)hatides apjiear to pla)' a very important 
part in livini; organisms, as they are almost universall)' present 
in living cells. Ihe-y are speciall)' abundant in the brain and 
in tile ova o^ animals aiurin leguminous .seed.s. r 

/.C(7//iy>/. '- I'he best known of the ph(>;p?iatide.v is lecithin, 
ifhich is ‘an^ optical l\'-active substance and therefore ha,'» ^le 
is.symetric formula : — 
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I .ccithiii is J()Ui}(l in the follow iii<^ (juanlilic^ hi ^lificre'nt 
parts of the l)o(l\’ ; brain, lO per ('ent% cardiac innscle, ^ 
per cent.; kidneys, 8-5 per cent.; livc^r, V8 per < cut. ;• and 
nerve tissue, J'5 j)er cenr. , in )-(dk of e^c; it is*pie>ent to the 
e.\-tent of 0 p^‘r*cent.: in j)eas. 12 per cent.; and in beans 
{)'8 'per j.'ent. Lecithin i.-. .olublc^ in elher, gL-tc*., ainl therefore 
a})})ear.s in the tat extracted l>v 'solvents. It usnall\' esti- 
■ ceited t)v detern^ijiini^^ the aiyount of pl^i'^phoriis in tlu; ex 
ti acted oils. F.ecithin ina\’ fx# j)repaie<l ffoin e^Lj V'olk fat, 
w hich contains about 2 * per cent.*of il^s^Mibstance, liv’ lie^tyii; 
it w ith alcohol and then tilterin;^" ; the lecithin is contained in 
thc^filtrafe and ina}' be t)f)tained by evajioration. It is also 
precipitated from a sttoni; ethereal solution In' addiip;.; ,\cetone, 
in w hich it is insoluble. Neither of these jiroducts, however, 
are quite pure, althoin^di thcy^aYe cp^ite suitable am^ are u^i 
for commercial purposes. Lure lecithin is obtained b\’ pre- 
cipitating a solution w ith cadmium chlorid?; as it forms an in- 
soluble cadmium comixiund. It is j)repared in a similar 
ma*yier from vi-^etable sources for cVniinerrial p^i^>oses. 

Lecitldn*is a rt^dylish-browm or yeljowdsh-brow’ii tr^ns|)arent 
jel^^without odour or tasttf. It .shows a fibrems stwfcture f)ti' 
pulling, and on heatin^^ it chars but rloes not melt. Com- 
mercial l«;cithiI^ contain from-y.'q-.i7 per cent. •lif phosphorus 
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and i'<)-2 |)<jr cent, of nitm^W, Jtlie Vatjo being about r8. 

The iodnuf value varies from 6o to 6V 

The revi^K^n^ has bxainined three .sain^)les of lecjthin :i^(i) 
Ovo-lecithin^ j)harmaceuticaV manufactured in France ; (* 3 ) 

I'ecithin exi^racted' by self /rojt/ hen’s egg \ ()lk fafbf alcohol ; 
(3) Lecithin extracted from* diK^t’s egg y^lk by alcohol. 


r. 2 . 3. 


•oflilif v.ihic (\\ ijs' inclhod) 

5(CS() 77 

34 ,03-^ 

I'hosphorus 

• *. k 

2-91 


.:*2S !■ 

'<14, V* • T-S.} 

Kaliu , . . * . 

1-57 rS'j *' I'sS 


« c 


Ll'cithin is used a.s a medicine in nervous diseases and for 
aii;emia, rickt^ts, etc., also as ,a constituent of margarine 
(see p. 131). < ^ 

, I'here are now kiuAvn to be present in many 
kinds of food very small (juantities of certain vital pfinciples 
^which are ab.sL)lutely essential to nutrition and growth, these 
substances have beeYi tiamed “ \'itamines” \^' Dr. kink, and as 
, shown l^y Dr. h'. (r.t Hopkins, Professor ‘f)f bio-chemistry at 
Cifnt'Jridge, their ab.'^ei'ice ((uickly leads to malnutrUion and 
paralysis, The constitution of thes(j' products not vet kno^vn, 
as it has so far [)een impossible to obtain them in a {)ure state. 
They do not contain [)hosphorus. 'I'hey are soluble in w;ut 5 r 
t, and in 80 per cent, akoliol^ but not in alxsolute alchol, 
aflin there tip[)ears to be at least Hivee cf these substances witji 
different function. i One of them is soluble in oils and is con- 
tained in egg y(j!k, c?od-liver oil, butter and margarine from 
animal fats. Lard is t,he,only animal fat which does not c^n-. 
tain it, but itMs not pre.scnt in vegetable fats or oils ai^l is 
therefort;\io; to be found in mar«jarine fi'repared 'exclusively 
from the tatter. Oiv th’is ground alone vegetable margafiifes 
must be regarded as less nutritive than those containing beef 
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oleo, although otl^cr toc^d^ partaken ot at tRe sajjie tiii#e ina^' 
make up theMeficierKy. ' 


11^1 M\» 'V .y\m iA>j» 

?• • 

Saturafed I Ivtirouirjions S/iark ^ V/.-- In "tlie lournaf of 

hidiistni^l M)til ^(^ftonfistry ^Mitsumarti rsiijimoto 

gives some particulars nl the«oil frctin the liver of the b.tsking 


shark C^forhiUKS )n<ixifiins, *( Jiumer ), • Jaj)aiiese ^ L^a- 
Z;i4^e litis, it appears, is the large-^t of tlu' sliai’ks,^ and 
thereto/e tl»e lai^gest />! the true hsltes, tlu»li\(,‘r sometimes 
weighing as much as a ton and yielding some 5 (j^vts, of oil. 
Ihree sami)le%of thcgoil from the livers were exaiifliiK.*! ; these 
being pale yellow or orange yello\\f*in colour, with, a low 
gravity, and containing .|i -92-5 5-5 i pm* cent, of un aponthahle 
matter. One (tf the samples gave the following constants : 


Suecific gravit\- at ('..o\S8V/; acid value, t oo; 
• ■ ' 4 ' • • 


saponi- 


fication value, 102-45; iodine* valiK.* rU’ijsj, 1^1/73; biitvro- 
refractometer a$J 20 C., 7Si2 ; uiisajtoiyliable matter, 4 I 

per cent. The unsaponifiabl# matter wa.^ for fhe most part 
liquid, and f)n distilkftion in aiP oik L>ath 10 per ci'ftt. j^a^seH 
over at l70-lf^o*C. I bis haifa refrac\ive index of I -4775 at 
20'" C.,* and differed rr(*m squalene (a highly unsaturated 
Atydrocarbon, which*had previously been discoverefT in other 
Jap anese shark-liver oils). At 2.p| -200 ('.a further 25 per 
cent, distilled over, ccuisr^tm'g in;*inl)^ <4 scpialei^* 

The first di.stillate was subscajuently pm ified by treatment with 
caustic soda and re-distilled in a [larjial vacuum yielding a 
liquid of sp. gr. 0-7868 at 15 C. and refraVtive index 1-4398 
at^o" C. The iodine value was cfnl^* .f,}, thy^efore the pro- 
duct is pr.'kcticalV .saturated body^ At 766 mm.^)ressurc it 
4^;^illed practically unchjTnged at temperature 296 t’!, 


j l-'rof. f\'. Ramsden, J our.-'^di . Chcni. Indt. 1 P- “jl* 
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iuul vvJis app^rciitl^' ;i [Hire substancy. , An i^nalysis of the oil 
j^^ave carbon <S4’39 aiwl 15 03* per cent, and the 

molecular* v^'ij^ht detr*|-niined by*the* freezin[^-point method 
me^i of fivo f,‘>«yerim!^nts f 3/)5 and 2 52)^\vas 259., Thoce 
fi[(ures aijree ^losel)’ with tilt* furimila CnH;;,; and 

are aUo ver)* ckjse. Jf 4hl* foriniila fe clflopted^, 

then it is an octadecane, and a^ the nominal %K'tarfecane is 
solf !, follotvs th^t thi^ mik^t he- an iso-octadecane, which 
? would account lor the low boilin^^-point ot the substance. It 
is slated that iheJiydoK arixjns in this f^articylar symple of oil 
are cerfaiiilj not (tiie to adulteration with |)etroleum<)r other 
|)roducts*astthe\* differ niateriall)' in their (iro|)(!rties from such, 
but <dthoUi;h they wt nr^preseiit in one saniplethey were absent 
from the other fwo -^airrples examined. 

( ' ns(itnr(iti\^ H ViirtHwhons in* SIi(jrL'-[Jvi'y Oil. — In the 
journal of hhlnslrial and *(inii;inerrin<^- ( 'lit'inis/r\* there also a[v 
j)ear.-> a vere iiiteresimL; pap(*r'by Mitsumaru I'sujimolo upoi> a 
hi^hl)’ unsaturated h\'drocarbou which he has di.sco venal in 
sbarkdiva-r oil. The author first refers to thii.fact that hydro- 
carbons are inv)re ll/•(]uenti\' to Jie found in fatly oils than is 
<^enerally belie\ed. h'or it^stapee, I*. M;i|thes and (). Rohdeck 
separaVc'd a hydroi arlxMi hix in;^ th(^ composition ( from 

cacao butter. I'he former chemisb. alon^" with 1 1 . eSandlr 
also obtained a hvdioc<irbon,v',„H,.,‘meltin_it-point Lp ('., from 
laurel oil, which the\' n. lined ‘‘laurane ’. Matthes and \\k 
Heint/ discji^)vcred a siinilar'jyx’dn.tcarbon. C.,„il,.,, melting-point 
Cry in pardey-seed ’’oil, to whrdi thd' name " petrosileile ” ' 
was ojven, while i’ou'er and l.ees isolated from kosam-seed oil 
another hx'drocarbon. ( ',;i H.a- animal oils, especiall) those 
derixed from insects, lari^7‘ quantities of hxalrocarbons are said 
to occur ; espi^ciall)' is this the case with cli^rysalis pil, from 
xxiRich MeKl®i/./.i and MoVeschi isolated txvoliydrocarbons, one 
of which, me^tin^ at '02 1 C’., had the composition 

while the other had a meltin^^-I)o>nt of 41 -42 C'l Hydrocar- 
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bons have also be<;n obt^iiicd from caiiHiandtrs anc^ ML*la^)nth* 
oils. I he examinart(jn of ^vlut n's tenne<l “ sterol Iree un- 
saponifiable matter ” uf1)ils ^tjipears to T)c <*f '^reaf \ aliie, and, 
ac«ordin^ to the a^uthor, ma\’ possibly V-,ul the ’identijiitfa- 
tion of oils when all other mean^ fail. After rooioval of t 4 ie 
sterols, ^dii?Ji has been madi? pos*>iblir i^ince the«valnahle fe- 
searches ol WJ^idaii*, who iis<;d dij^itonin lor the purpo'^e, the 
residue iTiav' consist of hydrocarbons^ ali(Jiols, .iml 
J. Marcusson and (i. Meyerheim, as also 1‘. Heri; ami I.'Ail^er- 
hausen, havt; tesl^ied ^ the value of an inv<^tii;jit ion of the 
sterol TreV unsaj)oniliable matter*thus prepared, ajd, in fact, 
the last two authors have lounded upon its ex;fmirtalion a 
methoii of distinouishin;^ mowrah fat l^^^un shea butter, ^which 
could not l)e done b\’ any other metho(h 

rurnini; now to marine animal oils, tlur auflior ''tates as a 
well-known taj.:t*that shark-liver oil cdiitains a hiph peia'cntaj^e 
of iinsaponifiable matter of which little is.kifown, but which 
has been usually rei^arded as a/ an)' rate laiipd^' composed of 
'holestiL'roI, altlua^h as a master ol fa( t hiph perca.nta^e of 
h) drocarbon is n-all)’ present. .Allen states«(hat in one sample 
of shark oil which he examined a Jan.^ej)i*o|)ortion of imsa^x^ii-* 
fiable matter reseyabliiu^ rosin *oil v\*as Yound, and this he re- 
^aftled a*j ati acrulterant, a ionciusion which tin.* author believes 
was pi'obabl)' not corfect. •d en verirsat;o the author j)tiblishefl 
an*account of his researches upon the liver oil of a shark which 
was caught in tin,* S.ai^ami Sea, ‘this p<‘in^^ known asW‘ kuiol^)- 
/.time oil Idle oil contained i ] perc(*nt. ol unsaponifiable 
li^ht vellow oil, havintj the remarkabl\' Inph iodine value of 
38 1, and the com[)ositi<m ol which is represented by the 
forinula Ainonij the laia^e ki’tii^iber of Reties ot shark 

which arv l^nowi^ to exist only a few are caup^ht l^'cause ot 
their liver oil. Careful examination [ly the autlu^r Jft:nded tt>' 
prove that liver oils having; a <;ravit)' lesslhan contained 

more or ^ess h^firocarbon, whyi increased in amount as the 
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• 

^avit^ ba:a*rie As the oil.^kjiown #as “ ai-zame "and 

“ heratsuiio-zainc ’’ \vt;re tht lij»hfest knAwn, it was believed 
that these f^vo w(«jld*best repa/ exit mi nation, a conclusion < 
wli^h wa'‘+ ain^jl^ verified. Ai-zame oil js obtained trom Uic 
livtr (jf S(/n<iins niitsuleurii, a*nd contained 87 to 90 per cent. 
of*ijnsaponi(iable master, /if; per cent, of which vv^Ss ffaind to 
consist of a hydrocarbiJii oil* haiiinj; the (iompAsition 
^ haTr > ^whichMistilkid oxgr belFweeii 240 and 256 C. It had a 

sp. at C. ort)*8587, iodine value 388 fWils), and reffac- 

^ d , • • t 

tive index ^t 20 C. of i ^ob ^ I leratsumo-zame oiI«A (lerived 
from iy\'gnhi ci^/diifina, contains the same hydrocarbon as 
above, ^ but also one more other hvalrocarbons of lower 
boilir*^^-f)oint, this fraction havinj^ a composition represented 
by the formula* * 

When fats or tatty acjds are treate<l with ctustic alkalis or 
lead oxide the)’* ary sayonitkal. Concentrated alk.'ib’ne lyes 
effect saponification with <4reat.<lifticulty, and therefore none 
K'ut dilute Ivi's shoiij^d be used. ^ In the process of sapf^nifica- 
tioii stearin abd p.'^miti.n are ijuire cjuickly decomposed than 
Mein. • * , . . * 

On beiiiLt melted \Vitli»caus'tic potash, ol(;ic acid is changed 
into [lalmitic acid ; erucic acid into«ara( hidic .'tcid ; l>ypot^;tic 
acid into in)'ristic acid, and 'their isMnersMie decomposed into 
palmitic, arachidic, myri-,tic and acetic acid. Concentrated 
*suj^)huric ycid, in proportfpns of from 8 to to [xjr cent, forms 
with fats at hii;h temperatures sulpfio acids, which, when 
treated with water, s*|)lit upai^niin into free fatty acids, *d\ cerine 
and sulphuric add. If fits or oils be treated with alkali ■ 
carbonates, ♦dbnmin, oV Xn aqueous solution of ^um-araLfic, 
they arc thereb\’ emulsified, the same resulj bein^r ^^roduced 
the tJ:tK)n of aminonia. Alcoholic' ammonia solution 
when allow;??! to act ’for a long time at ordinary temperature 
converts the fi/s into acid amidjtfs. 
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Chlorine and brorrunii form suhsHfutioif MoiLu'fs w^th the 
• **• ' 
fats or fatty acids of the m8thainf series. Iodine dues not act 

in this way but forms, ^is dt) also the .-tbox*!,* rea<,"?nts, luiiiition 

pwoducti with the^^I^'cerifles or "the latfy aci^ t)f tl*e iinsfltur- 

ated hydrocarbons. 

Nift'ic ^cid e.xerts a sironi«o.’«Hnsm;^ reactiofi (Ui me nils, 
etc., formin^^ f)xalic acid, siuicinic acid and adipinic acid. 

On exposure, especial!}* in thin l.\\ ers, t*) the air, tht^i*rltfnal 
fa^ become rancid ; in no instance, however, rlo they dry,, as do 
certain of t^e ve^etabit (uls, to a solid skin, ^ut jeniain alwa}'s 
in thcirVri|:jinal, more or less t;reasy, conditfon. l>i becoming; 
rancid a*part^of the non-volatile fatty acids, esj^Tj?llly oleic 
acid, is liberated, aiuf occasionally a fpmplete separation into 
fatty acids and <>ccurs. KaTicidity spreads ii* sr)lifl 

animal kits t(^ a much smaller extent than the ve^’etable 
oils, and they*kee[) loni;er and betJer in proportion as their 
olein content is low aiul that Of thy ^l}yLei’ides of the solid 
fatty acids hit^di. This coiuUlion (rancidit}’ ) js widl known 
to be fn a hif^h d^^^ree [)rejudi^ial to the ayimal fats, on accouitt 
of its effecton the Havour. Cinder defectiifcj storage conditions 
and under the influciKe of a fav#)urabjc*tempcralurc,* rai^ci^liiy' 
develops so (jin(il<l\* that buUer, i-xainplcN may become 
iiTieatalfle in a few days* if insufficiently protected from the 
air. The opinions *ljrevaflin;^^ on ’the causes of ranoidity are 
somewhat divergent, but it cannot he df)ul)ted tliatwhen air is 
sufficient!}' excluded rancidit^'t if all()gcther ]jrc«iMited,^^ar 
be retarded fur a considerable time. 

Uebig was of opinion that ranciou}- is induced by the 
influence of the extraneous substantes pfesent in the fat; 
Lt)Jiwig a.ssumed a fermentative ;ict/)n in jirosijnce of water 
and air i \Vherea#; Ko.sch considered it^ diu- to (>.^dation by 
atmo.spheric oxygen, an opinion also,.sliared by Diuirriux ; apd 
iSthelot ascribes it more particularly to moistme, the action 
of whicl'i is facilitated by the f "j^.sence of extraneous substances. 
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oxi(lat^3Q beijig merely concomitatU r^actiop. Von Rechen- 
berg, Flii^^e, I’aschuFn, H. ^^icbulz alid Neneki believe 
rancidity to* be canisefl by the MctiAn of unorganised fat- 
des<jtoying‘« fenlic<^:its, ot by imcrobes. ^roger assnnjes tlnit 
in becoming rancid the fat is ‘decomposed by water into fatty 
acids and gl)*cerine,‘fcj lowed by oxidation througl'^*th^ action 
of atmos[)heric oxygen, both oi\ the fatty acids ancf on the 
gl)t-‘L.‘^e, since th(» latte;* is fio longer detectable in a free 
state. The fatty acids are split up into substances (acids), 
j)oorer in carlponjnit rich in oxygen, Ijiilongyig pj^rtly to the 
fatty acid ^^<‘ries aiVl partly to* the oxalic acid series. Among 
the latteiV'lilss a/elaic acid (C,,liMiO.) has been identified, 

Ritsert, who occupied himself very closely with the elucida- 
tion o»f the causes of*rai1cidity, demonstrated that the rancidity 
of pure fat is luA: caused by either aerobic or anaerobic bacteria. 
'I he fat when protected finm air and light remained perfectly 
sweet, and germk ipoculated* therein died, although able do 
live in rancid j)U. Neither couM fermentative action be as- 
stlmed, since sterile j^at heated ip a closed \^ssel for stiveral 
hours at igcV C. btcomes raiicul under the influence of light 
and^aj^r. • Moisture is*n()iu-es.sential to rancidity, dry fat be- 
coming more rancid hiuR'i* the iiinuence gf air than when 
moist ; but the process is one of oxMation solely, indflced Ify 
atmospheric oxygen, without the cdllabomtion of any organ- 
isms. i’he operation proceeds more rapidly in proportion as 
Tig^iJ is admitted, oxygen ;iot beiug absorbed when light is 
excluded, neither does air cause rancidity when deprived of 
its oxygen. I’ure la*d kept in the dark remains sweet even 
after a lapse ot tw'o months. The carbon dioxide of the air 
has the .sainc^infiueiice dn liit in the absence of light as pufe 
carbonic i\cid, only less inten.se, and is ab.sorjied by /at both 
injthe light atid in the d;irk in comparatively small amount, 
the fat becmning thereby tallowy, but not rancid. Botli 
nitrogen and bydrogen are inactive towards f^t, whether in 
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the light or in the dark, and pure butter bfchav^s exaUly like 
pure lard. 

Aerobic and anaercfbic iiacteria can li\;e on niiicld fat, but 
•npt if an excess of free fatty acids be ^^resenj,. . ’/ 

The practical result of thes«^ researches is tliat the prjine 
essentml c%7tdition for^thc p}e%en^uui of hvicidif^> in fat.i is 
coniplett^ exdndon of air, vvliTcJi being secured, exposure to the 
light or storage in the dark is ipimaterial. 



CHAl'.TI'R III. 

PKi:i>ARA'fl()N OF AN'lMAI. FATS AND OILS. 

Tiik methods employed for preparini^ animal fats and oils, 
that is ‘co sjy, the^treatment the crude fats, differ ^Qiliewhat 
from thatj)wrsued for the vegetable fats and oils, bftt finally 
conduce tb the same enj, t.'/,:;., separation* from tile accompany- 
ing extraneous Substaiu:es or non-fats. In materials yielding 
vegetable fats iwid oils we have to* deal with fruits, seeds, etc., 
forming a dry, .solid, aiaj occasionally even hard mass, from 
which the fats can be obtained economically by tlie applicati.on 
of considerable pressure, or, wjien in a pulverised or* pulpy 
condition, by e.\traclion with special solvents. The Jinimal 
fats, on the other Ixind, are devoid of the characteristic shell 
encasing .the vegetabK: materials, the .fat * lying distributed 
throughout various i)arts*ckf the*animal body^and enclosed in, 
or completely occupying, cellular tissues; this fnode Qf occir- 
rence of the animal fats influences the method of treatment to 
be employed. 

‘ ^Whilst^the oil- and ftU-producing seeds and fruits will 
bear any length of traflsport witlf b\it IKtle change and arrive 
from distant parts (fi the world to be worked up, the crude 
animal fats must be ti*eated with but little delay and, there- 
fore, usually ^t the plac<j (if their production if they are to be 
prevented froiV becoming putrescent, whereby the qualit)^ of 
product »s well as f he yield woi\|d be S(?i-iously cfepreciated. 
True, there Ure certapin methods of transport which can*1^ 
employed, as, fpr instance, in ships fitted with refrigeration 
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chambers, as in the case of meat brought f/om Ameri a and 
Australia, by^means of whicji j^^e/aw material is kept intact 
and unchanged ; only, these j^re much too e-\pensiv \ There is, 
fnoreover, ’every reason why the materi.yl should be treated.^n 
tl?e spot. ' 

Mof^. of# the animal' fats prepared b)' a simple process 
of meltii.g (rejjdering) in suitable pans, and when sejiaratcd 



Fig. 1. — Edge runners for ‘ rushing fat. 


‘ ' 'J I u 

from the residual tissue* by Straining are Teady for use. Other 
fats, blubber ffish fat), are partly expressed by the pres- 
sure induced when the material is piled* up into large heaps, 
thg remainder being recovered — a^-ii> some other instances 
— bj" boiling in water or by the action of the press. Butter 
is obtained *by a prtTcess peculiar to* itself, the fir.el^-- divided 
faF^lobules in the milk uniting, under the influence of con- 
cussion and agitation, to finally form a lump of fat. 
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the solvent; extrc^ction process which is now employed 
very largely in the |ecov^^ry^*jrr, vegetjjJ^le fat!4 and oils, on 
account f)r«!:he gre^iteii yield it evsurfs, is utilised for animal 
fa^' only* in ,'n^i\’idiHil case^, the recovery of bone_f;A 
awd of the residual talldw fi1*m greaves.* 

♦ In conse(iuen(!e of the j^eduliar f.()m[)osition»of /he raw 
material the mechanical apj)liaAccs used in ^le* p^iparatif)!! 

fats are (Hffc'rent fropi those for vegetable fats and 
oils. I'hey consist ol • 



iMii. 'I .tt-t^riiulin}; luill (W. Kivoir|. 

1. .Machines for (?omminutiiTg*the*ratty tissue. 

2. Pans of various construction for melting down the crude 
fat. 

J^Ntgaction j)lart^ 4 or bone fat whereby glue can at J;he 
same time be* recovered. ^ 

• 4. liJhsiies for pressmg blubber, as \fcll as for separating 

the liquid atid solid fats. 

5. Pdlteri^g apparatus. 
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Latterly also^the ojjeration of separatiMj^ tlje fat f)r fisii 
and marine iTiammak into siiay >«)lid juid liquid components 
by centrifugal force ha? cofne into pn«:tice. Th^ centrifugal 
hiiichilfqs used for this purposo delive^ the^liquidVfat ei^er 
over the edge or through lateral apertures in the inner dri>m, 
but mAhiifbs of any ki*own t^i*e are suitable. 

Tho.s*b varieties ^:)f tallow jJra\C tallow, core or kidney suet) 
that are used for making artifi«al bjitter ^ire separati' ’ ifito 
their solid*for oleo) anrl liijuid constituents by heavy pre.^^ure, 
ancT the so-called, pres^s. tallow (or beef steariii) is prepared in 
the saint# manner by pressing fallow jn'evTously ‘j-efined by 
melting. * • ,* 

The purification oT the animal fat\ is effected by melting 
and repeated agitation with water, or bltaching*by chemicails — 
the latter ojjeration being Sut seldom resorted to. For the 
removal of snupll solid particles the faj is li(|uefied and strained 
thrpugh siev'es or filter cloths. • lilulpber js ^dso treated the 
same way or clarified by filtration by means of various 
mechanical appUances, such as filter [irq^sses or filtering ap* 
['aratus of the kinds descriljed in .the «fiuthdV’s work on 
Vegetable Fats and OiU [q.v.). 

M^\CHi;^ERV.FflR iK)WN I'W'I'fV TIS.SUl'lS. 

Animal fats are •delivifred to The melter in lumps of all 
sizes, sometimes (as in the case of whale blubber) even in 
large blocks of considerabla ci?cum(jpreiice and thichness ; J:y.it 
they cannot be worked up while in this condition, since it 
would, on the one hand, necessitate the use of e.xccssively 
large vessels, and on the other, the melting down in an 
uifbroken state would require too iijtiofl time, ^hknvever, it is 
noljimerejy^a question of dividing the fat into small^portions, 
but also, and principally, -of breakii]g down and d^sruptini^ 
the*cellular tissues in which the fat is enclosed, without which 
rupture of tisfue an insufficient vield nf faf be 
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(,>btaii^ed and thc;^^reat4-*r part of the material would hav'e to 
be exposed to an exfessiv^^ly^'^nfh tem4)erature in order to 
allow all ^h«> fat to .exude. The fat i# therefore comminuted 
before mq^itinpf, jin operation ;vhich can be effected‘in vario^is* 
wa^’s. Ihe sijnplest buf moS^ cumbrous*aiKl tedious method! 
is by choppyiL,^ on 'a block ^vitji^i shai^) knife or Imtcliet. A 
better plan is to employ a knife* movablt^ verJ^*call)’*through 
a ftw^d point— a !;iind of chr^ppiiyj;- machine; but this also is 



3,— I'at-cuUipj; machine wiyi revolving kitives. 


insufficient for workini,^ on* a largif scalw. In England edge 
runners (Fig. i), i.e., heavy millstones, made to revolve ovei'a 
hprizontal surface by mea*ns of.ii clriving pulley (placed above 
or below), are used, which crush {he Vat by their weight, the 
membrane of the cellular tissue being thereby ruptured and 
the fat converted into a pulpy mass having a considerable 
degree of fineness. 

Roller mills may also serve for crushing, fat, but the fat- 
g^i'inding^iTiachine shown in Fig. 2 is more efficient. 

This machine consists of an iron frame on which "^re 
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mounted groovecj (sh^j'p-ed^ed) rollers dwven^by tefothed 
gearing and 1)elting*pulley5, rfifid*at tlie top a wooden box 
or hopper for feeding tlfe fA to the rolfers. WheTi the rollers 

*arc set in motion and. the fat idaced iti the/ box, the rotters 

• * • • • ^ 

(which move in opposite directidiis) draw the fat? in, cut it airid 

crush iT, aifd then allow it t^ e;lr®p intg h. recek'er situafed 



Fig. 4. — Fat-cutting machine with revolving knives. 

beneath. In this caseithe m«iterial is nf)t only Ion? apart %ut 
comminuted as well. 

The most efficient of all, however, art the. cutting machines, 
su^ch as are shown in Figs. 3 and 4.^, In the hollow of the 
casf-iron stand a number of sharp-edged knitts are placed, 
which revofve, and fhereby' rapidly Cut in pieces Jtht material 
fe<l»from the upper dish, and deliver if b3i its own- trravitv info 
a receiver belc;w. 
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l^ANS fND '^APPARATUS F0l< ,FAT MKLTING. 

I ** *• *' 

The [XII1J5 for melting the fat giay, be selected in accord- 
ance with ^he requiremjjnts of the business ; these may be of a ( 
simple kind if it Vs merely a (j-^iestion of'stnall quantities or o^ 
sucji kinds of fat, , ho^ fat, as evolve no i^jalo^orous 
vapours, or, finally, When th^ w(x ks are situated ‘ in «.a place 
wh^l'e the neighbourhood suffers no inconvenience by the 
» production f)f a stroii^^ s^mell, blubber-meltini^iWorks in 



Fi(i. 5 . — Portable meltinjj; stove with pan. 


the vicinity of the fishery. The pans may be mounted either 
‘ on portable stoves, as, for instance, in blubber refinin^q or 
else surroUbded by bh’ckwork, and, therefore, fixtures. . In 
either case, however^ the hot gases only and not the flame 
should come in contact with the bottom of the pan, in order 
to prevent tl;^e melted {at becoming overheated, a conditio*! 
which would result not only in the discoloration (browning) 
of., the fat^ but also cause 'danger from fire. Iron or wooden 
vats heated by a steam coil, or jacketed pans, may also ^ 
advantageously ^employed. 
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pansVA., each of^whicb is fitted with a hood B (Fig. 9), to- 
gether with a tabiilaj; siip^rst^'ltQture apd a manhole C for 
filling aifd ^emptying /.he pan. The# vapour catchers (hood, 
etp) B are connected- with ^a draught flue H, about 30 jnt 
high and 2d in. wide, (Vhich* conveys tRe Vapours under t?ie 
white-hot dpme of a sinall^ fijrHlace (situated direftly^J^eneath 



Fig. 7.— Tallow-mchinj,' plant heated by direct fire and fitted with dcodorisinj' 
furnace. — melting' pan ; B, hood ; C, nianhol'c ; 1), furnace lor each pan ; 
E, vapour catcher; F, Hue common to all the furnaces; 0, supplemcncary 
furnace ; H, draught flue leading to G ; J, draught hole; K, grating; L, 
fireproof arch ; M, register. 

a shaft E, which is' about i 10 ft. high), where they are com- 
pletely consumed i'he whole of the furnace fires are con- 
nected with the aforesrid shaft by a common flue F. ,In 
very large w'dfks a draught hole J is provided, through v^fllich 
air enteAl and dilute.s the vapour§, whi^n then pass through 
a grating K into the furnace C, the products of the W>m- 
bustion going on in the latter streaming through a grating 
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into the fireproof arch T., and thence into the shaft/ The 
hearth of the ffirnace* G in. wide and *'47 in. long. 

Coke fuel is employed Jier^ in* order to reduce tg a*inininuim 

• the water vapour in the products ot comhustioji^ M is a 

* < • * • • ** 

fertical register or«damper fof* shutting off the connection 

between the furnace (% and%the shaft K., In the same wav 
li^ie horizoittal damper N serves^ to open up communication, 



Fig. 8, — Tallow-mLlPing plant with direct lire and deodorisiog furnace. 


when desired, between the flyes H* and F in ord^r to divert^ 
the vapours from tht? pan.-? whilst thl* fire is being kiiutled 
in G. By means of a second vertical dumper O the furnace 
gases can be diverted through the ’fire. G, the horizontal 
damper N being assumed as opew ,Cbr that p^irpose. This 
arrangement presents the great advantage that the vapours 
ajid gase.s*to be bffrned yeed not ’pas?; through, tint fuel, the 
| 5 !lce where the coal is consumed being distinct from the 
chamber wherein the actual de.struction — combustion — of the 
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gases'^.is effected, so that, since pure air alone is admitted 
to the fuel, 'he fire can be In^^e^strdnger dr reduced at will. 
It goes witl^out saying that the gratjngs K and L must be 
made of ^reproof mat^^rial (firebrick). Notwithstanding this„ 
the brickwork easily become.si /^lamaged oit account of fhe large 
quantity of moistuve contained ip the vapours. 



Imci. g. — V’ertital section of a melting pan. 

Tallow-Mkltixc Tlant K')R Sl’M’liPKic Acid Mktduo. 

I 

In order to ob\'iat6 the numerous inconveniences attend- 
ant on the jiielting oh tallow in open pans, and the great 
ex[3ense of laVge installations for working without smell, a 
[yactice Aas- latterly aliseh of meltj.ng tahow with the assist- 
alice of dilute sulphuric acid. An apparatus designed •By 
Vohl for this purpose is shown in Fig. lO. 
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This consists ot a lead-lined, cast-iron pan A, with cylin- 
drical cover ^ and hd 'C,‘ fitted with a mica p^ate D. A' 
'similar plate is fitted in, the dobr K, and by this nu^’ans in- 
spection of the course of the operation proceeding inside the 
pa^i is facilitated. ^Ai night an aVtificial light^is placed ov6r 
the mic 4 plaje in the lid C Mjca is selected for tliese windows 
oi>accoimt of its greater durabilny*'and security as compared 
with glass. The door K seiVcs for the admission of the 





Fkt. lo. — Tallow-nieltin^f plant with direct lire (for aci^ trealiucnt).— -A, lead- 
lined, cast-iron pan; B, cylindrical cover; tf, ^lorned lid; 1), mica plate; 
E, door; outlet tap lor tallow; G,‘'tap*for drawing oil the acid ; 

H, hearth; J, pipeideading from pan to coPidenser ; K. condenser box; L, 
* lid; M, packing round the riM ; N, outllowpipe; O, effluent for the easily 
condensable gases; P, ^condenser ; Q, outflow pipe ; K, ouillow ; S, outflow 
’ , pipe for the permanent gases ; T, flue; ash-pit. 

tallow and hermetically closes besides serving for withdraw- 
ing the greaves left oi> the grating 'at tiie bottom of the pan 
when the operation is terminated, after l^hc tallow has been 
run off through the tap F and the aeid liquor through Cr, 
Tlje gases and vapours generated pi ^A during the melting 
process pass through the pipe I to'the condenser K, which is 
clo.sed by a lid fiacked round the edge M. I?*., side, the 
beW K contains a number of inclined' platforms cohered with 
slaked lime. ,The box itself is made of w(jod impregnated 
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with tar and asphalt. The condensed water runs away 
throu^di the, pipe N and jn» the sw?in-n^ck R a water- 
seal pgcventin^r the escape' of^ v;i^)our. The uncondensed 
^niscs and vapours i.'^ue from K via the pipe O into the lead- 
lllied crfndi^nsi^' i\ which is filled witk ooke or pumice, 4m- 
I)regnated with sulphuric aci^, and the accumiilat^d liquid 
runs off af the botttjm through, the pipe O to thcw discharge 
pipe I\, the permanent gases,*etc., being finally led through 
tii^pipe S into tlie conduit*!' which debouches ii^the ash-pit 
U*below the hearth of the funiace H, where they are*^con- 
sumed. ^TJiesft^ gases cai), be delivefed underheayi the fire 
without .Niy fear of reducing the draught, since they ha\'e been 
mostly; freed from water in the condenser. •The ash-pit U 
is fitted witli an iiaji door by means of which a powerful 
dratight can be in'duced for e.xli^iusting all the gases from the 
apparatus and carrying, them to be consume^ in the furnace. 
V is a funnel leading to the shaft and effectii*g the removal 
of the furnace gn.st's. 

Tn working this apparatus 20 j^arts of water previously 
mixed with ! to p! parts of (?oncentraled sulphuric acid are 
emploN'cd for eacli i(!o part^f of tallow to be melted. The 
suljiiiuric acid serves tt) etfi^ct the cliemical decomposition 
and bursting of the cells* 

W'l I .S( )\ ’s !' A LI .(^w- A I Ki?n \( ; •A rp arati ’ s. 

In the W’ilson apparatus (Fig. r i) the steam enters through 

per fd^ated pipe 4 t beneath ,tfie f^lse bottom. The plate 
F fits tightly over^the apei^ure K and the vessel is charged 
with tallow to two-tlyrds of its capacity. The steam pressure 
may be as high as 3 . I atniospheres, a pressure which is main- 
tained durihg* ten houVs.* The condensed water collects be- 
neath ting false bott^vn and can be draN-M off wffeif required, 
trhe melft^cl tallow runs away through the taps P P, ancLdthe 
greaves are finally removed through the aperture FI. 
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Gelliiorn, Flottmann & Co.’s Steam Aptaratus »for 

* I ^ 

■ yALLO\y''^El/ITN(I. • 

The fat to be meltecf is bitroduccd into the rrtclfin" pan 
A^fhmugh the necjc, ^nd rests ok a grief B cc)vered Vith fige 
filter cloth. The pan is situaterf in the basement, and the 
neck project,s through the gr«uud floor,* an a^" range merit 
economising bcAh time and labour in charging the pan. The 



l-'Kt. ri. VVilsonIs tallow-meliifii^ apparatus. 

r . * • 


latter is constructed of strong b^iect-iron^ jacketcfl with a tin 
case and slag wool lagging to prevent Icjims of heat by radiation. 
When the melting pan A is filled with crude fat, water is 
poifred in until the charge is covc^reti, and tlv.i neck is then 
closed by k steam^t^ght lid. 

••'Steam is conducted from the boilers C through the pipe 
D into the meeting house as far as the pan A, where it passes 
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clown the two vertical branches E and F (fitted with valves 
G, k), the* former of which ^xtend^ almost tg the bottom of 
the pag. To start' the protess^ th\i valve G is opened and' 
admits ^team (at a ^pressure of 3 atmospheres) into A below 


c 



Imct. 12 . — Gcllhorn, Floitriiann iWJo.’s steam apparatus for tallow melting. 
(Ground plan.) 

the grid B, whereby the^ water is first raised to the boil ^nd 
the fat to meiting- point. 'The operation lasts five hours, 'dur- 
ing whici time the boileixs have, of coursaj to be refiired several 
times, so ‘that the steam pressure continually recedes, aii^ it 
may happen that the pressure of steam in the ^boiler becomes 




45 


PREPARATION OF AN^VIAk. -FATS AND oy.S. 

less than that in the pan. To prevent^ the steam escaj^iif^ 
from the latter .back ii\to th6 J^trilcr^by way of the feed-pipes 
JL, D, a back-pressure vaUe y is affixed jn D. A D are 
also , provided with pressure gauges to eimble the pro^sure 
be Observed. Wheif tfie differenced^ of 'i)ressure are consider- 
able the valvt G is close(^. Ako^ at the cn(l.t)f one hour tlu; 



Fig. 1^. — Gellhorn, Fl{)ttnV.?nn & Co.’h* pla^it (section through' meljinjg 
house). — A, melting^ pan ; 13, grid wuh filto: ; C, boilers ; D, steam pipe; 

F, blanch theitLfroni to A; H, valves tu pipes E, F; J, back-pressure 
valve; K, pipe to condenser ; L, valve in K; M, condenser; N, receiver; 
0, water-pipe ; P, pipe conveying the gases to the furnace ; Q, R, discharge 
pipes; S, general outflow pipe; T, manhole; U, pipe from A to W ; V, 
valve in pipe U ; W, clarifying vat;^X, conduit from W to Y ; clarifying 
pan; Z, steam pipe leading^o Y,’ ^ 

valve G is shut and the valve L in* the pipci K opened, where- 
upon steam and the malodorous gases eVolved by the crude 
fat pass, in company with contained^ globules of fat, from A 
into the condenser M, which, together with the*' attached re- 
ceiver N, is half filled with .cold water. " The pipe ^-is con- 
tinif^M within the condenser M and debouches below the level' 
of the water therein. Sufficient water is supplied by the pipe 
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0 tV condense ^Jie vapour and fix the malodorous gases in the 
water, whilst the un 5 onde|jisaJ!t*^s*es pa^s with the fat globules^ 
and wafm«d water igto the rece#ver*N, and the gases that dc^ 
gf)t renpin in^the littter th^n pass through the pipe P to the 
back of th5,fire bridge* in fhe boiler fire, where they are con- 
iiumed. 'the inchned tubp V the1*eceiver N ^rve% to keep 
the water-level in M and Ncog^tant by (Jrawwig off*a quantity 
df warm water eyual to that, of the cold supplied and deliver- 
ing it into the pipe R, which discharges it through the common 
outfall S into the open air, where it can be mixed with sml for 
manure. 

Tl%e tat accumulating in time in the receiver N*is removed 
through the manhole*!'. Taps , leading to tlie outfall pipe S 
are,fitted to the ^ecoiver and condenser in order to draw off 
their contente when they have fo be emptied and cleaned. 

Condenser, rec;^iver and melting pan art built of strong 
sheet-iron. When the gas 4s all removed the supply of ivater 
to the condenser is arrested, a^id the pan A disconnec*ted from 
the condenser by closing the valve L. G being reopened, 
fresh steam is a^lmitted into A, and the crude fat is again 
melted, .this time Un' four Jiours, wh^eafter G is once more 
c!os$d and the vapour and gAs again passed through the con- 
denser as already described. When the g5uge oit the •pan 
shows that all the prcssur® is removed, A is closed and left for 
an hour, during which period of repose the preliminary claVifi- 
cation o^the melted faf from the admixed solid residue and 
5frt is efii^ctcd. Th^ valve ^ ift the j^ipe ¥ being then opened, 
steam enters the u^per part of the pan and presses on the sur- 
face of the fat there floating on the water ; and when the valve 
V is opene^ the fat ai«id*jvater are forced through the pijpe U 
into the clantying vat W, the water entering firsthand being 
.folio we^^ by the talloV, which is freed Trom the solid residue 
and coarser particles of dirt by the filter B, these latter Being 
removed fron^A through the lower opening,* which at other 
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times is tightly closed. The clarifying v^t W is of sheet-tfon 
and has the largest possible* here are separated the 

particles of dirt, part of tliefn«sinking to ^the bottor® sftid part 
formjng a thin scum on the surface of th^fat. After^emaii^- 
ing*at rest in this \^t*for six to di?ight 'hours fhe^*fat is then 
grad uall)* floated upwards*by maiijsof water, admitted through 
the*pipe O* ui^ti^ it runs off through the tapped pipe X into 
the clarifying pan Y, the water and deposited dirt in W being 
drawn off fr#m the bottom. The vesse*I W is covered in, the 
vapcffir which enters when the mass is forced over from flie 
, pan A esaa^Ding through a pipe extending in^ tl?e#opew air 
above the •roof. The clarifying pan Y is a wr^uglit-iron 
jacketed pan, op^n at tht top, constructed to stand the working 
^pressure (3 atmos.) of the steam in A, iyid Jagged with lead 
and slag wool to prevent radia^on. Before the hU; is admitted 
the pan is partly^lled with clean cold water, and then, when 
the fat is in, tHfe mass is gently bojled by means of steam ad- 
mitted into the jacket space from the pipe** D tyV? Z. After 
treating in this way for an hour, during which tifhe the scum , 
is taken off, the valve in the pi'pe Z is closed, and the steam 
and water of condensation are run off' through S. 

When the mass is so far cooled that it begins to sett1:h'fe 
tap»in th^ pipe leading fron> the bottD/n of the clarifying pan 
is opened and the conjents drawn qff, the water and dirt first, 
and* then the purified fat, which is delivered into the transport 
casks. In the hot season cold w^ter from O is passed into the 
jacket space around the jean and assists the setting of the fat'.^' 

By means of this apparatus jJbrfectly jTJre tallow is pro- 
duced. 

LOCMWOOD and EVERITT'S STEAIt/ 1*LANT EQk TaLLOW 
Melting. . 

, ^he advantages of this plant consist chiefly in the complete' 
destruction of the evil-smelling vapours injurious to health. 
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an^in the security of the apparatus against explosion, the fat 
being gracTually melted iV Jhe apparatus (Fig 14) 

consist# of two parts, vb., a m.ltiifg pan and a furnace for 
c^nsum,(ng the evoked ga.ses and vapours, these two parts 
being connected by ij pip(» J, The jiaif, or digester, which 



!• . 0 . .4.-Ste,,m plan, lor tallow ineltins.-A, shoe, -iron pan ; B, jacket ; C, steam 
pipe, D stay rods; t, n.anliole; F, outlet ;1:j, flue; H, hearth; J, pipe 

of digester; .M, exhaust pipe witli strainer; N, swivel joint ; O, system of 

flue'* II ’ ilT"’ ‘^'“’•’"’''"8 '>^"'‘>er; R, hearth; S, tube; T, 

nue; U, outlet pipe. ’ ’ ’ 


contains the fai t<f be melted, consists of a steam-tight 
cylmdrical.vessel A (.u.rounded by a jacket B. In order to 
make the apparatus extremely firm-sincy it has to liar a 
tempor«>y.pressure (If /'atmospheres-tlie top ai^d'bottom of 
the cylinder are coenected by iron stays, and the jacket^ith 
the inner cylinder by stay bolts, in addition to wh.Vl, fi,» 
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steam pipe C, which serves to regulate the temperature o]" the 
charge of fat, also- assists jn ^trengthehing the iwn. I?ndei* 
the vessel, which is 'mounted *©n *feet, Is a furnace^ the hot 
gases from. which pass through flues G dit in the l?rickwork in 
sitfh a manner tha^ ^e gases cofjie ii\ contadt wjtiy as latge 
a surface as possible o^ the jgan and finally escape into the 
cljimney.^ 1»'he melting pan ^s filled by way of a 'manhole Ti, 
and the residual sWn, greaves, etc., are removed through an 
opening The removal of thfe liquid fat* is effected by an 
e.xtaust pipe M turning on a .swivel joint N, and fitted aWthe 
end with a •strainer tt) keep back extraneous jnatters, the 
other end,*leading to an outlet pipe U, through whit^i the fat, 
forced upwards by t^e pressure in the pan, is delivered to 
any convenient spot. The gases alid vapours generated 
during the melting of the crude fat are*led through the Junc- 
tion pipe J to the Argand furnace (as the inventor designates 
this portion of the apparatus). Here the ^ases at first traverse 
a system of heated tubes O and then 4ssue through four 
burners P arranged symmetridhlly around the fij^nace, and are 
there mixed with atmospheric, air and bunned. The products 
of combustion in ascending sufround the sj)iral 6 and escape 
into the chimney T. The air reliui.fite for combustron^i^/^rs* 
at^the upper pgirt^of the furnace, a/ G, into an air chamber 
enclosed in the brickwork, where it is heated, and thence 
passes to the burners below. In order to increase the* draught 
a small tube S conducts heated gas under pressure into the 
space below the hearth^R. • '^th this cjpscription tj^e worl^iiig 
of the apparatus can be explainei! in a few words. After 
the jacket B has been filled with wa^pr up to a level with 
the top of the flue, the charge of fat is placed in the digester, 
cari being taken that the exhauslp’pfpe M is, jlVst raised to 
its highest* posifiop# and fixed thej-e. ^ Simultanec^sly with 
tl^ closing of the feed-opening the Argand furnace is kindled, 
and as soon as a moderate amount of pressure is indicated 

4 . 
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by the gauge K the tap in the pipe J is opened and the gases 
allowed to escape to ‘the combusfioii furnace, which must 
in the meantime hafv^e btofiie' hot ehough to ensure the 
destruction 'of the malodorous gases. The heating of the 
meriting f^an is so regulated that the prqssijre inside the 
does not exceed 2 } atmospheres and that in the jacket space 
ndt more than 4 atmospheres. In order to asQU'tain wheji 
the melting is complete, sampler may be lakeif from time to 
time through the« pipe, M. ‘The capacity of this digester 
is generally 7.J tons. When the residual tissues are intended 
for fodder tl\ey are dried at night in the pan itseU*, a low fire 
being kepktup in the combustion furnace. 

O >1 

AI'I’AKATUS FUR TALLOW MFLTIN'U.. 


A sim[)le form of tallow melter heated by steam is shown 

• T'* \ 

inlMg. 15. 

The apparatus consists of a pan 



. covered witli a hood which ii^firted 
with ati effluent pipe. The tube 
througli, which steam at a pressure 
of several atmospheres is admitted 
h wound in form in such a 

n^anner that the upper tier of the coil 
fs situated at a level about orie-third 
the height of tne pan, the others 
being directed progressively down- 



Fio 15 .— Steamer for melt-' 
ing tallow. 


wards until the lowest one makes its 
' n 

exit at the foot of the vessel. Since 
the steam enters at the top of the coil 
and condenses to water therein, it is 
'‘necessary to give the coil such a pitch 


that the water can run a\vay freely. At the commencement 
Df working t'he steam is regulated so that water alone issy^s 
'rom the lower extremity of the coil, and the steam current is 
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allowed to act until the crackling sound.caused by the ev^ora- 
tion of water /rorn tl^ greAv^i;^ 4eard inside the* pan. 

To facilitate the rentoval of the melted fat bottom of 
the pan is made somewhat concave and is fitted wijh a p^e, 
above which is a‘ gtid supportitig the greaves; these latter 
being afterwards removed thr^iy^h a lateral opening (covered 
by a scr®we?l Ijd) on a level ^vith.the false bottom. A glass 
tube gauge, fitted at the side of the pan, enables the height of 
the melteil tallow in the vessel to be observed. The pan is 
al^ lagged with wood to prevent the radiation of heat. * 

A slo^v current of steam may be passed •thrdu^h the coil 
even whife the pan is being charged, the current taping turned 
on more full/, as alit;ady described, vyhen the pan hs closed. 
Directly the fat is melted the steam is*shut oil, the fat* being 
then run away through the pipe at the bottoirv of the vessel, 
which latter is^refilled with tallow after the greaves have been 
removed. 

Rivoir’s Steam Apparatus for Tallow •MELT iN(i. 

• 

This apparatus, displayed in Fig. i6, v^orks without emit- 
ting any smell, the liquefaction of th*e*fat being ejected by^ 
steam under a pressure of from* 3 to *5 atmospheres. TTiS pan 
is*made of wrougfit-iron, with a rivftfced, rounded bottom, and 
stands upright on a^wrought-iron, frame. In the lower part 
of* the cylinder two perforated false bottoms are fixed at a 
little distance apart, the fat tg be melted being laid on the ' 
upper one, which is re;#dily accessiSle ffom without througfi a 
lateral aperture closed by meafjs of a i)ow and screw and 
situated on the same level with the fal^ bojttom. This open- 
ing serves for clearing out the groav^s. Between the false 
bottoms there is^a lateral cock for drawing off^the melted fat. 

BeneatR the lower false bottom fs situated tl^p s^eam coil, 
anti below that again, in the deepest* pvt of the pan, are the 
pipe and cocl^ for emptying the vessel completely. At the 



ANIMAIj ^Nii)*OILS. 


top 0 ^ the apparatus is a manhole, fastened by a bow and 
screw, through wfiich the p^n <yied,* and entei;ied for clean- 
ing ; and»ai] escape pipe for fhe ,vafY)urs is also situated in 
the^top of.the vessel. « When the apparatus is connected with 
a steam sup^^ly' workirfg at * a pressure ^^expceeding 5 atmos- 
pheres it must bQ provided ^w/th a * safety valvr, pressure 
gauge, reducing valve and t)ack-»pressure valve between the 



f IG. 16.— Steam apparatus for tallow melting (W. Rivoir). 

• pan and the feed-pipe. Where steam is not available the 
apjxtratus oan be mod<fied*so that it can be set in brickwork 
and generate its owi> steam fdr the melting process. 

For working with indirect steam, />., without the steam 
and fat coming into , djrect contact, the maker supplies 
jacketed pans well tinned mside, the heat being then appfted 
by a steadi coil situated in the space betwlien the tW walls ol 
of the pan. A cold .wafer coil is also provided, so that the 
temperature can be ree^ulated as dpsir#»H fiffinrYo 
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comprise a vertical pipe and a draw-off cock as in the ofise oj 
the single pan, a cpck fbi# t^mjjletel)^ emptying the vessel 
being placed, with its attached pipe, centrally, at the lowest 
point in thfe bottom. The pan itself is supported on wrought- 
irt)n stand 

In •order to accelefate tfe(^ njelting^ process stirrers ^ire 
pa'ovidecV wfiicji scjpeeze tht^ lumps of melting fat between 
arms. The.se stirrers are made of well-tinned wrought-iron 
and are easily taken out for cleaning. Motion is imparted 
frcfln a driving pulley above and a pair of cone wheels, and 
they cai% be 'arranged for driving either by hitnd 6r#po\ver. 

By reason of their simplicity and great capaaity^Rivoir’s 
melting pans "liave proved exceedingly useful, and* are pre- 
ferred by experienced melters before naor^ complex anc^ less 
practical systems. • • 

For meltiiig good quality tallow, such as premier jus, 
or edible fat, ^ivoir supplies simple, round, wooden vats heated ' 
by direct steam, which is admitted through a coil at the 
bottom. A draw-off cock for the melted fat ft placed at 
moderate height above the ba.se, the fat*^being. delivered to 
this cock by a jointed^ pipe, an arrangement which allows the* 
clear fat to be drawn from any.level .within the vat. A*c 1 ehn- 
ing-out valve i^ fitted in the bottom* .the aperture being made 
sufficiently large to qiiable.thc residue to be removed /rom the 
vijt with ease and the latter swilled out with water. All the 
ironv/ork coming in contact wij:h the fat is well tinned. 

O. Hkintschel’s Tallow-Mklting, ^Clarifying and 
Filtering Apparatu.s for Continuous Work. 

, The apparatus shown in various, fjpints of detail in Figs. 
17 *to 20 consists of three parts: the meltiLg pan A, the 
clarifier fi, ^nd the filtering vessels Ci G.j C^. 

<^»The melting pan is a cylindrical vessel with a conical 
bottom, which, as shown in Figs. 17 and 18, Js jacketed, the 
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interftiediate space between the walls containing a heating 
apparatus composed pf /; 6 iled *or, transverse pipes or 
pouches. ^ In the axis^of this pan is siUiated a vertical filtering 
cylj,nder (Fig. i 9 ),*projecting through both lid and bottom 
of the pan and fitted with stirrers and of^eKiead driving gecir. 
Bging open below ^'ind projecting through the bottom .W, this 



cylinder communict.tes witli the second chamber B, unless 
closed by means of a* slide or trap, etc., V, whereby the two 
chambers c^n be isolated. Close to the filter tube, in the 
deepest point ‘ 6 f the bottom of A, is a second opening 0 (*Fig. 
19 ), so th'at.a valve adjustable from outside enables A and B 
to be connected with or shut off from one another. The 
filtering cylinder has a perforated jacket, whereby the fat in- 
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troduced into A through the feed-opening E is^ after <t)eing 
melted by the vvarip air* iif;thc% double walls or heating 
apparatus, enabled to •filter through .the openhig? in the 
said cylinder. When V (Fig. 18) is optn the^fat di^ins aw^iy 
aAd collects in B. Iti order to iAcrease the filt^l-ing capacity 
the tube F» may be replaced* .perforated filter tubes, the 
perforations *being ipade onl/pn the side of the tube opposed 
to the direction of movement o.f F, in orcjer to prevent the 


clogging of the filtering surface. I'or the same purpose a 


sli^te, perforated with apertures corre- 
sponding io*those on the cylinder, can 
be mounted thereon, and by being 
moved up ancf down be made to clear 
away any fibres, etc., attaching them-* 
selves to the apertures; or 'a scraper 
may be affixedi to part of the appara- 
tus so that fts cutting edge remits on 
the filter cylinder and scrape.^ off any 
adherent matter during the rotation of 
the cylinder. 

The clarifying chjynber B is situ- • 
ated underneath or by the side of A, 
ai¥l, like the hatter, has a deepeifdd 
bottom and a heatir^g apparatus. . At 
the deepest point in the bottom it is 



Ei«. 18.— -Heintschel's ap- 
paratus. (Detai s of 
melting pan.) 


fitted with a closable aperture,, and near this a telescopic or 
hinged tube (adjustable ^rom the outsidt^, or else a humbe? of 
taps at different heights. When a sufficieut quantity of melted 


,fat has been run off from A into B then ,the chambers are 


isqjated by closing the aperture of co.vnmunication. In con- 
sequence of their different specific gravity, the Various grades 
of tallow,* as well as the admixed patticlcs of fibrg aiKl water, 
quickly separate in layers, the better, lighter grades being at 
the top, the (^thers successively lower, and the water and 
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,fibrobs pajticle§ weighted therewith lowest of all in the 
deepened bottom B ;,so thftt suitably adjusting the draw- 
off tube,' or by way the taps, defirfite grades of melted fat 
always be {iin off from above downwards and conducted 
by the flexible tube Dmto't^ie clarifying ^/essels. 
r The solid constituents (gri^afves) collecting, in ffie course of 



the continuous melVing process, in the bottom of the melting 
chamber A, as well as water, blood residue, etc., are drawn off. 
from time to time throi!/gh,0 into the empty clarifying chamber, 
where tjiey are clarified, the hot liquid fats, they still contain 
being rdmav’ed through T ; and, finally, the less valuable, thick 
residues are withdrawn through 0 into the vessels placed 
underneath, where they can be subjected to fuither treatment 
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In this process, by means of the continuous series of opera- 
tions performed in s^ccessto^*{4;nejting, clariTyinj^ and draw-* 
^ing off), the capacity of tiie ^paVatus is Tar in adv^noe of the 
old-fashioned plant as regards both the q*iantitative j^nd quali- 
tafive results obtaine(1. Moreover, thi^ systeif possesses ttie 
additional advantage thal by dr^iwin^ off thrqjugh tlie adjustable 
pipe B and c*oll^ctir^g extremely ujiiform grades of melted fat 
in the clarifying vessels, a well-assorted class 
of goods m produced and the raw fnaterial 
utilTSed to the best advantage. In order to 
enable the^separation of the fats to be effected* 
according *to specific gravity in the chamber 
Aj, another coitstructian is given to the filter- 
ing cylinder. This is perforated with J... con- 
venient number of holes or dits arranged in 
rings at differint heights and is provided 
with a well-fitting inner tube perforated to, 
correst^bnd. 

Thus, for example, if the fat is to be 
separated into three portions at equal inter- 
vals of height, three ec^uidistanl rows of^rings 
are provided. By raising or. lowering the 
tube, e.g'.y throAigh a distance equari. to one- 
third of the interval betv^een th^; rings, the 
sifting rings opposite the one layer are brought 
into juxtaposition, the openings in the other 
two being covered an 4 thereby closed* By 
this means a qualitative separation of th^ melted fats can be 
. effected even in the melting chamber A* uniformity of quality 
baing thereby more effectually ensuwji^ 




. 


Fig. 2®. — Heint- 
schel's appara- 
tus. . (Filtering 
cyKnder.) , 


FAT-EXTRACTINf; APPARATUS WIT!,! CORRUGATED ^BOTTOM. 

• • 

•'The apparatus shown in plan in Vig. 21, and in side and 
front view intP'igs. 22 and 23 respectively, is designed for 
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mel^'ng fat or extracting it from fatty substances. It is en- 
closed on &1I sides and Ij^eaJjfjd^ifiteVn^lly by .steam passing 
through* sej/eral series of para*llel.pip«s a arranged at different 



I'lG. 21.— Fat-extracting apparatus with corrugated bottom. 


height.s, the walls Joeing covered with insulat»!ng material to 
prevent radiati<?n. The arrangement is such tfiat the sjeam 
from a common f*eed-pipe c enters each .series at the .same 



Fig. 22 . — Apparatus with corrugated bottom. (Side view.) 

• 

time, so that n uniform femperature is maintained througn- 
out all p^rts of the tube.s«and apparatus. * In order to increase 
the influence of the Jiea\, radiated from the pipes, on the*fat 
or fatty matter in the flat boxes c, and, witl\, this object, to 
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obtain the largest possible extent of surface, the bottom of.the 
box is made o^ conjugated ^iy>l^te, an arrangetnem'greatly in- 
jcreasing the area of surface^ exposed in comparison, with a 
flat bottom.- In the hollows formed by* the corrugations are 
fixftd semicircular or Angular strips of dron, whiclj ai*e perfcf- 
rated all alcgig the edg«s, so, that the mejted Tat can run 
thuough iiito “the channel forraed by the i*ron strips and hot- 
lows of the bottom and run down to the front of the box, 
which is laal at an angle for this purpose. *Not only is the 
draitiing of the fat facilitated by this arrangement but 4he 



Fici. 23.— Melting apparatus with corrugated jj. — Arrar^enient 01 3 

bottom. (Front view.) Funnel. ’ ^ 

impurities are also retailed. The fat arriving at the front 
of the boxes runs do\^n through the apertures there into open 
channels e, which convey it to a vertical collecting pipe. In 
this case the corrugatit^ns extend tl^e front end of ea^cji 
box. Instead, however, of havijig a channel e underneath, 
the front edge of the box may be inclined '^towards the centre 
of the apparatus, and when this is the cas^ the corrugations 
doV.ot extend quite to the edge, but ‘a ledge ^sloping down 
towards th« mirtdle. of the apparatus is attached^ thereto. 
Tl^ fat coming from the channels or boxes rufls mto thi^ 
ledge and is conveyed therein to the cen*tre of the apparatus. 
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Under these ends are arranged stays (fastened near the 
collecting whicfi catch^Jthe fat* and lead j’t into the col- 
lecting .pipes, from Mience it pjsseg to the collecting vessel.* 
Another method of^ draining the fat from the front end of 
rfe box^s consists in allowing it to faR direct into a channel 
at the bottom of the apparatus, in twhich case ^the ends are 
arranged stepwise, ‘the upper oiies always projectijig beyond 
those successively lower, so 'that the fat can drop direct 
from each to the* channel Fig. 24, which slopfs down to- 
wards the middle and terminates there in a collecting fjipe. 
To prevent th(^ fat splashing as it fa’lls into thte clvannel the 
latter is ‘made in the shape of a funnel, with an angle as acute 
as pos^'ble, so that splashing is out tof the •question. This 
channel may either bt provided with a small lateral opening 
discharging mto a*concave charqiel or may have an opening 
at the bottom, under which a partition wall covered with a 
shed roof, is arranged. 

Instead of fitting the boxes with corrugated boKoms as 
described, ordinary melting vessels may b^ employed, corru- 
gated plates being fitted either on the bottom or at a slight 
distance above, 'fhe *fat is ptaced on these plates so that the 
naeited Vat flows dowil the^ channels and collects in the 
bottom of the vessel, to, be then drained ’away in a suitable 
manner. 


Solvent Extraction Plant. 

As ^ready men^ion^d, thj; ‘sol^nt extraction process, 
which in the vegetable fat lind oil industry is of considerable 
importance, is employed only in isolated cases for animal fatSj 
the nature of the latter being different. Bone fat is the^ fat 
mostly recovered by * e.^traction, and rationally conducted 
establis|^ments either extract the fat alone frofti The bones 
and treat the residual Inatter in other ways, or work up<he 
bones completely in one operation. The forijis of apparatus 
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described in that section of the author’^ work on Ve^et^ble 
Fats and Oils dealing \yith ex^'cijitioi;! processes {q.v.) are also 
applicable for the treatmeit of bones as well as of t^e Residue 
(greaves) frotn fat- boiling works, whilst Jthe plant ix)w de- 
scribed is intended spedally for th& Extraction of bcAie fat. 

Ahi^N!*’ Apparatus FpR*E^:TRAClTNG Bone Fat. 

Latterly it has been proposed to replace the benzine, 
almost universally employed for depriving bones of their fat, 
by carbon tetrachloride, which is a powerful solvent of fat, 
has a cortstint boiling temperature, is uninflamitiaJjle tand 
leaves no unpleasant smell in the fat after saponificat1di\ If, 
however, carbon* tetrachloride be used in the ordinary fat- 
^extraction apparatus a remarkable phenpmenon.is observ^ed : 
the fat being either black or very dark brown in colour. This 
results from decomposition products of carbon bisulphide, 
which is alwa>% present in commercial tetracl'^loride, the bi- 
sulphide^forming, with the amm^onia in the bones and iron in 
the blood, sulphocarbonates, which decompose intc/carbonates 
and sulphur compounds, which remain behind^in the extracted 
fat after the removal of the solvent by evaporation and thus 
impart to it a dark colour. On the pther hand, chemically 
pur^ carbon tetraichforide cannot be einployed, on account of 
its high price. 

Nevertheless, the present process and the apparatus there- 
for enable the ordinary tetrachloride, contaminated by carbon 
bisulphide, to be used, th’^ abovie-mentioncd objection having’ 
been overcome. The process consists in de.priving the bones 
oj their fat in an open extractor fitted with two perforated 
fals^ bottoms and a cooler, the cooling, w^ter of which covers 
the bones and the solvent. The amnibniacal vapours expelled 
from the bones during the heating of* the solvent, (ortia, with 
•the •accompanying air, bubbles, whicK agcend through the 
liquid and carry with them the carbon tetrachloride. In 
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^ ord^r to separate th^se bubbles of air, ammonia and tetra- 
chloride into their constiti^enl;tQrfipoui^ds,‘a number of sieves 
arrange i^pirally and connecte(^ hyt fine sieves are fitted in^* 
tjje cooler, against %vhich the bubbles impinge, whereby, in 
conjunction with the hctiofii of the waft;r®trickling down •the 
partition walls, the tetracjil^ride is deposited in# the form of 
specifically heavier oily drops^ which are^ re-cpnduc*ed to ithe 



Wg. 25.— Ahrens’ bone*fa\ extracting apparatus, (Cross section.) 

extractor, whilst the air escapes and the ammonia is retained 
by the eSpling water# In»theacgolnpqj[iying illustrations Fig. 25 
shows the general^lan of the apparatus and Fig. 26 a modifi- 
cation in the construction of the cooler affixed to the top of 
the plant. The* method of working the form depicted in 
Fig. 25 is as follows :* .^fter the extractor A has been filled 
with b^ies through the upper manhole O^o that'they reach 
•nearly as high as the* upper false bottom jn (which prey^nts 
their floating), the manholes 0 and 0^ are closed and carbon 
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tetrachloride is run in from the storage vessel R until,, the 
bones are covered Tind the. ^oljjpnt^ attains the level of m, 
^vhich can be ascertaine«j b;^ mtans of "'the wind^wa The 
fap a, of the pipe supplying the solventj is then doused anj^l 
water is poured into*tlfe cooler B,<hrough a neck if until the 
level of the tapper manheje is attained. Meanwhile the valve 
/Zj (\{ the overflow pipe u is closed, ^the ma’nhole cover being- 
off. The solvent in A is thei/heated to boiling-point by a 
steam coil under the lower grat- 


ing ^l^ylse bottom) ;;z and dissolves 
out the fj^t centained ii^i the bones. 
The vapours of carbon tetrachloride 
evolved during •the bc^iling ascend 
into the water in the cooler, are there 
condensed and fall back into^A, to 
then renew the^r course. At the 
commencementi of boiling, air and 
ammoTiia are given off from the bones 
and carry some tetrachloride with 
them. The partition walls Y in the 
cooler B, which serve to separate* the 



Fig, 2O. — Ab;;^ns’ bone-fat 
extracting apparatus. 
(Cool^'r.) 


bubbles of gas, run in a spiral dir^'ctiod upwards, inclining' 16- 
wards the axis of,tl-lb cooler and being /:onnected together b)^ 
fine sieves. 1 he ascending Bubbles impinge on the spiral walls 
and are diverted laterally, passing from one compartment into 
another until they burst. By thej’mpact of the bubbles on the 
partition walls and their [^ssag<? through the sieves, the tetra’- ' 


chloride is, under the concomitant jfetion of ^he cooling water, 
deposited, and, with the assistance of the stream of water 
trickling from S, rolls down the steep, p[ane until it reaches 
the lowest point, whence it is diverted* back into the'extractor. 
The ascendftig amrnoniacal vapour is ck'^solved by the Pooling 
^watQT. and is conveyed away through* thp overflow pipe u 
for further treatment. This overflow pipe is fitted with a 
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covv in the vicinit)j of its embouchure in order that the 
descending* tetrachloride Jd® diverted sideways. Any 
tetrachhoryde carriecf away, nbtwjthsjanding this arrangement,* 
is^ removed by a separating funnel D fixed at the lower ex * 
fremity of 4;he*overflow pip§, where it fells to the bottom and 
is conveyed throygh a short pipe d iiato the conci^iit e and into 
a circulation vessel* whilst, the •cooling water rims way fgom 
the separating funnel. 

When, after severat hours exposure to the t|^trachloride, 
th?; bulk of the fat is dissolved, the solution is run off thrcugh 
the tap ^ mto .the still c, and the extractor re-thar^ed (after 
closii-yr'^^and opening a^) with solvent from the vessel B to 
the sarfie height as before. The solvent is (distilled off in C 
and* is condensed iif the cooler K, whence it flows through 
e and E bafk into the extractor. The circulation vessel K, * 
which is connected to the cooler K on tf^ one hand and 
with the extractor on the other, serves to cfmtrol the pro- 
gress of the opeVation, in that the liquid distilled feom the 
fat flows in^ it (E) from the cooler and tl^ence into the ex- 
tractor. l;or the*purposes of this control a water-gauge glass 
is attached to the cjrtulatioif vessel, so that by observing the 
fliJbtuations of the level* of tlje liquid m the gauge the course 
of the operation can b^qudged. * , 

The extraction of the^ fat is g^radually effected in the fore- 
going manner, and the solvent becomes progressively poorer 
in fat. • As soon as a sample taken from q, between the ex- 
•tfactor ^id the stillf is fftund tg be f®^e from fat the extraction 
is finished, and tljp expulsion of the solvent from A is pro- 
ceeded with. This <s accomplished by admitting direct steam 
into A through pipes, by closing the valves a and c, turning 
the steam 'valve b’acif' to k, drawing off the cooling water 
through the pipe .closing the manhole lic^ and then 
opening the tap of "the pipe leading to the cooler. Here-, 
upon the solvent passes over into the cooler K, where it is 
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condensed and returned to the vessel R.for use over ag^n, 
whilst the fat h freed /rom tl^iiist^traces of solvent in the 
^till C and is finally dra\i^n o^. 'Several of these extractors 
can also be united to form a battery, arid the soUent re- 
maining in the first exfl-actor at th^ cohclusioi/of ihe opera-* 
tion may be transferred tfc the le^ogd extractor ready filled^ 
with bone», ah ^arrseigement having both time and steam. 
Moreover, at the commencement of operations the (closed) 
extractor can be connected with an air pump in order to 
exhaTlst the bones of air and gas and thus reduce the amoufit 
of gas evcjiv^cf; this without deviating from the pfi^cipl* of 
the invention. .* ’ , 

In Fig. 26 tfte cooler B is modified in so far that it is 
, flattened at the base and expanded laterally aryJ connec*ted 
with the extractor A by a shutoff valve a'\ The.cooler may 
be also jacketed or fitted with a worm tube to reduce the 
temperature. 

By the method of extraction in open vessels with carbon 
tetrachloride — boiling at 65^-78° C. according to* its degree 
of purity — the employment of a uniform Tj)w temperature^ 
and consequently the production of*gqpd fat, is rendered 
feasible, the decomposition of the solvent being, furtherrfloT^ 
prevented, since all the evolved gase»*and salts are removed 
by the supernatant cqpling. water. , In addition to tljis the 
glue in the bones is greatly protected by reason of the low 
temperature employed and of tf^e insolubility of the glue ir 
tetrachloride. 

J. Kaleczok’s Bone-Fat Extracting Apparatu.s. 

Jhe vessel a, which is fitted witjj a perforated false 
bottom, is filled with bones, and the opening ^ closed. Here- 
upon, the h*emispherical steam pan is placed under stea*fTi pres- 
sure* and the tap d in the feed-pipe ‘supplying the solvent* 
(benzine) opened. The benzine flows from the feed-pipe b on 
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to^the hemispherical surface, where it is vaporised, and ascends, 
along witli the vapours give''!’ < off by, the bones, through the 
pipe ^‘into the condenser f. The '‘condensed solvent and th^ 
y^ater (the steam ^om the bones) arrive at the chamber //, 
whence the water runs off through the pipe f, and the benzine 
continues on ifes ^ way fhr^irgh the chamber '> and thence 



*Hirough 'the feed-pipe Back te the vaporising pan. The fat 
extracted from the boncs,’^accompanied by a small quantity 
of the solvent, runs' away from a through the pipe k to the 
vessel I containing the steam coil The steam pipe in the 
bottom of a is arranged as a spiral coil. 

A screen fitted over the benzine supply pipe prevents the 
extracted fat from coming into contact with the hot steam c 
pipe. A number of small apertures in the benzine pipe per- 
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mit the outflow of the solvent on to the hemispherical surijlce 
of the vaporising pan, Tlte«(!Qlue#it lic^uid is immediately 
vaporised, so that overflcfw is impossible. A flange,* which 
serves to support the feed-pipe, forms theconnection betweeg 
several branch tubes? 

Tiit^ HoLyiL^us Apparatus "Extracting Fat aniI 
Drying the* Residue. 

The apparatus displayed in Fig. 2{? serves for the e.xtrac- 
tiont)f fat from tissue and also for drying the residue. •It 



Fig. 28. — The Holdhaus fat-extracting apparatus. 

consists of a drying cylinder A, provided with an jSrrange- 
ment for warming and ifianiptilating* th(? contents. • A serte^ 
of cylindrical vessels H is superirflposed, a«d these communi- 
cate with the drying cylinder by apertifres I in the bottom. 
These vessels are also provided width, suitable (yenings for 
the admission of j:he material into tlie recipient's, and each is 
fitted with a* workable piston M, which can be fo;ce& down- 
wafds by the mechanism provided tor, that purpose, thu5 
squeezing the liquid out of the boiled material. The liquid is 
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th^'n clravyn off through the valve The vapours from the 
vessels H are condensed afid Temoved by rheans of one or 
several coVidensers and suitable" pipes. The pressed material 
then*'transff^rred ‘from the vessels into the drying cylinder^ 
where it is freed from moisture. 



Meikle’s ' Apparatus " for Extracting Bones, Seeds, 
Fish, etc. ' ‘ ' 

The cylindrical. vessel A (Fig. 29) is divided into an u‘{)per' 
and lower chamber by means of a perforated partition sup* 
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porting a layer of filtering material, and js also fitted witl^ a 
hollow lid H, conicaf p/ojectsc^Tf^ton^th? under side of which 
facilitate an evenly distribtted dro'pping of the solv^itj* The 
hollow space 'within the lid can be heated ®r cooled by, means 
of the contained stecfm*and cold wafter pipes. The, steaming* 
chamber is fteain jacketed and js ^also fitted with a small 
steam jacket or sj^ean^ disc on the in,side. The lower chamber 
is provided with a similar heating appliance, and both are fitted 
with revolving stirrers D, mounted on *a hollow shaft, which 
extends through the partition, and is perforated with latertil 
apertures.* 

When the apparatus is to be used the raw m.afegal is 
placed in the upper ch^ftnber and impregnated with tbe sol- 
vent, which is forced in under pressur^ through a supply 
pipe perforated to ensure undbrm penetration. ,The result- 
ing fatty solutioB then filters through the partition and heat 
is applied to ^he lower chamber, whereby the solvent is 
vaporise'd and ascends, not through the filter, *but by the easier 
passage, virj., the lx)llow shaft, and escapes througl^ the lateral 
apertures thereof. The vapours are conddjsed the cold 
water pipe in the hollow lid, *and rfie^ conical projections 
present the advantajje of preventing tlfjs condensed liquid 4*rflni 
coll«cting at one^Dlace; instead it drop? uniformly from all the 
points formed by thcs<^cone^, and sq impregnates the material 
evenly. The extraction, therefore, proceeds continuously, 
and the stirrers can be set in aetjon when convenient. • When 
the operation is completed th*e•hollo\^f lidds no longer cooled* 
but heated like the rest of the apjAratus, aijd the vapours then 
pass to the condenser. As soon as the eKtracted oil or fat is 
renroved, the apparatus can be filled, wjth a fresh charge of 
material. 
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Al'fARATUs TOR Extracting Fat and Glue. 

( 'V » ' tr 

E. J. Machalski’^of Brooklyn ha*? constructed an apparatus 
for this purpose, the details of which are as follow: At the 
‘‘Dottom of the vessel A destined fr r .the reception of the 
materials td be treated is placed a ste^im coil B for^heating same. 
Three pipes C debouch into tfje vessel, one of them conveying 



ike (vaporised) soIVent‘, the seconcV removing the excess of 
this vapour to the^, condenser and the third supplying water. 
Underneath the yes.sul are placed recipients K, H for collect- 
ing the fat and glue,,aad there is also a battery of cisterns, 
0, Q, for ‘concentrating and purifying the liquid glue, so 
arrangt^, pne above the other, that the liquid runs through 
•the series by gravitation, to be finally forced up through a • 
pipe into special clarifying ves.sels. 
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Schweitzer’s Extractioi^ Plant 

• • • 

(or animal (ancf vegetable) m?it«tial% is c/)mposed of an ex- 
traction cylinder fitted with ihanholes at .the top mid* side, a 
condenser, an evaporator, and the vesselif destyied to recei'^ 
the condensed solvent. The pipds and valves effect' the fol- 
lowing combi^iations ; Extractor* w^th coudt-'nser, e\apoi«itQr 
ancf condenser, cfindOtiser and ‘storage vessel. Ihe apparatus 



I- Ki. 31.— Schwcit/er’s extractor for animal material. 


produces a perfectly dry residue, because the solvent used has 
a much higher boiling-point than that of wateu. 

The method of worWing’is as foflowf The materials :*r; 
placed on the grating in the exti^ctor, an^ the; solvent is ad- 
mitted. Then all the communications* are shut off except 
th^t between the extractor and con()^nscr, and the solvent is 
* heated by steam oipes nearly to boiling, whereby 'chiefly water 
vapour is evolved. Ihe fat is dissolved and falls thi't^ugh the 
grating, and when the extraction iS terminated the fatty 
mixture is transferred to the evaporator and heated to boiling, 
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whereupon the connection leading to the condenser is opened 
and the fall or oil afterwafdstiirawn ofi[. If the residue is to 
be freed ffom the small portion of afdherent solvent it is then 
heated [o boiling intthe extractor, and the evolved vapour is 
ted into’ thr^ condenser. 

JV. 0 . (Fig. 32) is de- 

scribed by the inventor as.cons^sting of cylinder (for contrain- 
ing material to be extracted) traversed by a perforated tube for 



Fig. 32 .— W. 0. Robbin’s extractor.. 


the admission under press&re of the soHcnt or of air.’ In the 
interior of the cylinder runs, on a guide way, an accurately 
fitting carriage, for the reception of the raw material, and 
provided ‘with a s^lip extending from top to bottom. The 
operation is effected by filling the carriage with the material 
under treatment, .the ’latter being then exposed to the action 
of the select^ed solvent',ph;>;sed into the cylinder under pressCire. * 
When t|ie extraction is completed the ex»:ess pf, vapour is 
driven over into the condenser by air, whereby the press 
residue is simultaneously dried, and the fat run off. 
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Perfectj^d E.XTRACTION APPARAJI'S.^ 

In various other extr^tion ppocesses the separation of the 
fat and the concentration of the crude gljie liquor liave to be 
effected in separate,, independent yjjssels, an aiVangepscnt elV- 
tailing specif attendance^on each. In the apparatus now to 
be ^escribgd, however, the entjre* process, the steaming 
of the raw matenal, the recovery of the pure fat and the con- 
centration oj" the glue liquor, is performed at^one time and in 
the <>ame apparatus. To this end the pipe as can be s»?en 
in Fig. 3;^ — through which the liquid flows from t(;ie vessel A 



Fig. 33.— Apparatus for recovering fat and glueTrom animal residues. 

to S, is providec^ w*th a fairly wide •qperture i at the upper 
end, whilst the lower jnd reaches nearly down to the bottom 
of the vessel. On opening the valve c, the mixed liquid and 
vapour pass over from A into and the vapoor is cc<iducted 
away through i and the fripeV* to thl^ condenser C, whilst the 
liquid portion runs quietly down«the pipe,/? and separates at 
the bottom of the vessel into fat and glue liquor, without, as 
hitj^erto, being mixed up together aqd ^heated by the current 
of steam. 

The separation of the steam can •also be effectedj’n^enother 
way. Thus, for example, the pipe d i^s diverted sideways 
into a boiler, ir^ the lid of which is placed a wide, open pipe, 
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whilst from the lower part of the pan the pipe d extends 
nearly to the bottom of »thep;v»s5el. Jhe mixture of steam 
and liqflidi flowing in tangentially tH'roiigh the pipe d streams 
ajong the walls of the pan whereby the steam is separated 
from the liquid, the latter Aowing downwards through a pipe 
('/, whilst the steam^escape^? through tfn upcast pipd7 and passes 
thence through the pipe ^ to fhe condevser /L'. Ift the C(Sm- 
pleted form a plate is provided, against which the mixture 
of steam and liquid, entering laterally through 7, impinges, and 
is i^eparated into these components, the liquid running clown 
through a pipe, whilst the steam passes round the 'plate and 
escapes upwards through the aperture. The same separation 
can, of* course, also be effected by ofher means. After the 
com^Dlete separation oV the fat from the glue liquor has been 
accomplished in the lower part ‘of the vessel B, the former is 
drawn off through the tap / and the residual <glue liquor con- 
centrated in B, itself. To this end a heating affparatus,/,^'*,, a 
steam jacket, is pfaced at the lower extremity of the vessel B, 
and by this^neans the glue liquor is raised to boiling-point 
and thoroughly concentrated. The vapours thereby expelled 
pass through the Ji to the condcyiser C, where the\’ are 
completely liquefied, the conoentratiOn being in this manner 
effected entirely without* smell. The nitrogenous dry master 
in the glue liquor is left as; a residue aiid may be removed by 
a suitable opening provided in the vessel B. 

Thi^ apparatus consequently offers the great advantage 
t^at the ‘Steaming, process in A is'^in nowise influenced by 
the concentration ip B, and both operations can be carried on 
at the same time ; oitly for that purpose the condenser must 
be of sufficient capa/:itf/ to cope simultaneously with .the 
vapours delivered by A and those evolvfd from the glue 
liquor ifi B, 

' Whereas, in earlier forms of apparatus, the products con- 
sisted of dried bones (or meat), fat and glue liquor, in the 
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present instance the^ comprise merely fat and the whol^* of 
the solid substances pi^sent*i« rtie carcase. By the abolition 
of the easily decomposable g^ue fiquor, an importai^t hygienic 
advantage is, however, gained without t 4 ie other favourable 
points of the procesS— ^^specially iii regards absence* of smell 
— being impaired. ^ . 

•The qflality 4)f tl^ solvent^used is not without influence 
on the quality of the fat produced by any ojj these processes. 
The defectf in the use of carbon tetrachloride (p. 6i) have 
already been noted. Benzine or benzoline or petroleum spirit 
is the solvent almost universally used because it^is cheap, 
although its inflammability is a great bar to its emt!)r('>yment. 
Some samples are of g 5 od quality and evaporate away Without 
leaving any residue behind, but others ccwitain a JVTiall quantity 
of a heavy petroleum oil which, at the temperature used in the 
extractor, does^not volatilise and is left ^behind in the fat, 
imparjting to it an undesirable petroleum odoyr. This diffi- 
culty can be avoided by payjng particular regard to the 
quality of the benzine used, or by subjecting thc^olvent to a 
preliminary distillatioh in the apparatus i^elf ajid rejecting 
any portion which does^not volatilise 'at jhe temperature em- 
ployed. 

•The extractor made by Kngel Exutractors, Ltd., is shown 

in 34- 

The Kngel extractor consists of the following parts : — 

1. The e%xtractoi' 

2. Distiller. 

3. Vapour condenser. 

4. Solvent tank. 

5. Preheater. 

6. Separator. 

7. Vacuum discharger. 

• 

and the manner of working is as follows 
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{The material to treated is charged into the filling hole 
A. Solvent is 'then run i<i 'the ^iplvent tank B, passing 



on its way through the,, preheater C, which raises it to j:he 
required temperature, * 

Steahi is then admitted to the heating coils in the base of 
the extractor, and tlje Material is continuously agitated uhtil 
the extraction is complete. The solution is t^hen discharged 
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to the distiller D, where the solvent is ev,aporated off and goes 
to the condensar E, aiT^l from*thtreithrough tTie v'acuum dis- 
charger F and separator (5 to the* solvent tank B, thg extracted 
oil being pumped to the oil storage tank.® The residue is dis- 
charged through dobric. 

To econcfmise heat, the volati^s^d solvent from the distiller 
car? be returned fo tljc meal through a bye-pass pipe J, and in 
cases where a battery of two, three, or mor^ extractors are 
operated in^eries, the solvent charges ‘are used consecutively 
in rotation for extraction, and a common preheater, still, con- 
denser, aftd.generic equipment, is only necessary fcrrjthe set of 
pots employed. 

Presses. 

Presses play a merely subordinate part in the recovery of 
animal fats andoils, whilst in the case ()f vegetable substances 
of thi^ nature ^hey form the chief mechanical cy^pliances used. 
For animal fats they are employed in the following instances 

1. For expressing the residue from the fat-reffdering pro- 
cess (greaves : see G reave presses) ; 

2. For pressing tajjow to separa’tejt into its solid and 
liquid components^ 

•3. P'or pressing the blubber from*inarine animals. 

Greave presses are*simpie spindl/s presses, but for the other 
purposes mentioned, hydraulic presses are mostly used, and 
these will now be generally described. 

The hydraulic pres^is ferunded* on •the principle of tHb 
uniform transmission of pressure^hroughc^t liquids in closed 
vessels, and such presses consist of two separate parts — the 
pr«ss proper and the pump. The fii^t^js composed of a press 
plate terminating below in a piston (moving in *the movable 
cylinder contained in the lower ’ enclosed portjon* of the 
machine) ; a head plate ; and (as a rule*) fqur pillars connecting 
the press head«with the base of the apparatus. In this latter 
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is sjso placed the conjiecting piece effecting a junction between 
the press cylinder and the p«3mp« cylir^der. The pump is of 
the plungpr type, w'lth two cylinderA of unequal diameter, the 
larger becoming automatically disconnected wheil the pressure 
attains ' about" 20 in., thb further pfcs^ure required being 
effected by the .smaller ^cjjlinder Alone. The« minimum of 
pressure varies for each press^, and thq ov^rsfepping of* the 
maximum pressure is prevented by the automatic action of a 
safety valve. The pressure produced by the pirmp is trans- 
mitted through the liquid — water, glycerine, or a mixtifre of 
both — and also through the connecting valve and ^he liquid 
in the press cylinder, and exerts on the piston of the latter a 
force per unit of space equivalent to the pVessure per unit 
produced by the puiq'b (small) piston. As soon as the desired 
pressure is ijttained the connecting valve is closed, so that the 
pressure in the press cylinder may not be iivfluenced by any 
leakage in the j)ump. In order to reduce the piljssure a second 
valve in the connecting gland is opened and the liquid returned 
to the punfp chest without passing through the cylinder. In 
this manner the falve of the pump is preserved on the one 
hand, and on the otJi6r the Sc^me liquid is used over and over 
ag^ih, no renewal beyoijd the,small amount wasted by leakage 
being required. * • 

Hydraulic presses of both vprtica[ and horizontal form 
are employed, the former being, however, the kind mostly 
used in.tallow-melting works.^ In those employed for pressing 
fat, a number of j>.*ess* plates of trough or box form are 
superimposed, so [hat the lower part of each engages in the 
upper part of the one next below and presses the material 
contained therein, the^ o^utflowing fat being conducted intp a 
common channel. For warm pressing, the press plates are 
fitted v^hth appliances, for steam heating, swivel pipes per- 
•mitting the introduction of steam at one side of the cast- or 
wrought-iron plates and the removal of the condensed water 
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on the other. Where several hydraulic; presses are at \y)rk 
in the same ropm, fhe^ can. Ije |^11 fed from the sAne pump ; 
but where they are in separate rooms, then working, by ac- 
cumulators c‘an be practised with great acfcantage. 

A hydraulic tub«pi%ss is shown^in front ancf side .view and 
in section in«Figs. 35 anci 36. /l'l'»e_press consists of the press 



21 


35. 


(Front view.) 


Hydraulic tub press. 


Fi(i. 36. 

(Side vieV and settion.) 


cylinder A and the piston B, situated between ^two pillars on 
which the troughs E slide by means of rings. These troughs 
ca|;ry a solid iron plate and are surrounded below by a 
channel d d for collecting the expressed fat. The boxes G, 
containing fhe fat to be treated, havp double wallshand are 
provided with a circular row of apertures at the top of the 
inner wall, 'lihe boxes are filled with fat, which may have 
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beeji previously cast, in moulds of suitable size, and are then 
covered oVer with a hqfseejia^,r« cloth. ' When the press is 
startedcthp troughs ‘E are prfessed into boxes G, the liquid fat 
runs oqt of the openings below the upper rim of the latter 
hnd collects irl the channels d. As s(±)n*as the operation is 
completed the pr.essure is^repi(?ved, r/hereupon al! the parts of 
the apparatus recede into tha position^ they 'occupy in f the 
drawing. The boxes G are taken out on the table and re~ 
placed by others ready filled with fat, so that the time the 
pri'ss is standing idle is reduced to a minimum. 

.^mong the new forms of hydraufic presses 'n^^y be men- 
tioned those of Brinck & Hiibner, by reason of their several 
advan^iges, consisting of : — 

*1. Quicker and silnpler service with greater capacity; 

2. Aboljtion of expensive press cloths ; 

3. Production of uniform cakes of fat ; 

4. Great durability without attrition of ex[Ajnsive parts. 

The general tonstruction is as follows : In the pVess are 

situated fowr, six, eight or ten wrought-iron or steel rings, 
one above another, and each fitted with a finely perforated 
steel bottom. Between each* pair of rings is placed a cast- 
ifcKi«or cast-steel presJi pla(;e, convex on the upper surface 
but flat on the unde;r» face. On these plates, which, are 
guided by the pillars of the presj^, rails are affixed for carry- 
ing the press rings, and on these the latter slide when being 
placed .in, or .removed from, the press; and, in addition, 
wh prS^s plate is pro^^Ided with a» large encircling channel 
to catch the ^xpre^sed liquid fat. The presses are filled by 
simply laying over the perforated steel bottom of each ring a 
horse-hair, wool or felt ^loth, covering this with the fat to^ be 
pressed, an\i the latter, ^gain, with a second similar cloth. 
When *^11 the rings are • full the pressure is tuVned on and 
^he fluted upper face of each plate forces its way up into *the 
ring next above, the liquid fat running oyt through the 
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horse-hair cloth, the perforated steel plate*and the groovesliii 
the press plate, iiito the.channeJ. 



Fig! 37. — Brinck & Hubner’s hydraulic ring press. , 

' Vv^hen the fat is caused to flow uniforrrJy from the efitire 
surface of the cake it has only a thin layer to traverse, and 
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thVs runs^away rapidly and yields a thoroughly uniform press 
cake. In pressing partidulacilye heavy .cafces the rings become 



Fig, 38. — Brinctc & Hubner’s hydraulic box press. 


too Hhavy to be lifted' out, so on this account the presses 
are fitted with two lateral frameworks and a double s^t ofi 
rings, and as soon as one set of rings conta’ning the pressed 
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fat is drawn out on to the side frame# to be emj^tied afid 
refilled, the other (fillecl) set ts#pii«hefl into position from the 
other side frame, so that the c^peration is simple and gaes on 
without interruption. 





Fig. 39. — Manlove & Alliott’s cage Fjp. 40. — Cage of M^nlove & Alliott’s 

press system. press. 

By using suitable boxes in place iof, the rings the cakes 
can be made in square or trapezoid form of suitable size. 
AH presses are provided with appliantes for heating ^a?h part 
•with steam or hot water, and, as each *mguld rests between 
two heated platens, the temperature is uniform, and results are 
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attained ^that no other system of pressing can yield. The 
presses are constructed fbr ^Ires^res of 300 -atmospheres and 
over, 'and the cyliiKlers, pillars uncf nuts are of cast steel. 

, The cage pres^s manufactured by Manlove,' Alliott & Co. 
Ltd., afc' suitable for the preparation*of premier-jus or other 
animal fats. 

These presses are constricted vviUi a, pressing cage in 
which the fat fs placed either in bulk, or separated by press 
plates, anVl can be treated cither hot or cold (Fig. 39). 

This firessing cage (Fig. 40) is constructed of bars,'tixed 
verticidly', and sup[)orted by steel rings, the bar^ being so / 
closely arranged as to prevent any escape of the material 
under pressure, whilst allowing free exudation for the oil. 

, The pressure is*e(iualised through the entire mass iieing 
pressed, by applying top pressure either with top ram or a 
loose head, which is withdrawn when charging the pressing 
cage. 

The [iressing cage rises oji to the loose head due to the 
side frictfon, but special provision is madt whereby the cage 
is firmly held whilst this friction is being overcome in expel- 
ling the pressed material. ^ 

'' ' These presses canXe made for either hot or cold pressing, 

and are obtainable in ^ variety of sizes, a ffiaximum pressure 
of 3 t()ns per square inclvon the mateiiial under pressure being 
possible. 

The pres.sT^s illustrated (J'ig. 41) are for the production of 
*Stearineby the cqIA process. •The'f consist of hydraulic press 
with ram 13 ' in. diameter, Hvorking pressure 2 tons per square 
inch. Each press is fitted with two carriages with runner 
rails, allowing for one carriage to be charged and placed in 
position in the press, where it is raised by means of hydraulic 
ram ^nd placed under pressure whilst the other carriage is 
being loaded in readiness for a further charge. 

Each carriage is fitted with guides and guide bars for the 
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plates. These latter pass through the psess head when t^e 
Cvirriage is in p>osition, in tflic Ijlreif; and thus prevent the 
plates being moved out of^osttion due to side pressure.* 

When it is a question of pressing fat* with heat, ,simj)l(^ 
presses without boxeS, nngs or tubs are used. 



Fig. 41. — Stearine press (Vtinlove, Alliott & (Jb.), 

The fat is packed in sacks und trim^ned .on the plate 
of the press, and when the loading is completed pressure 
is applied, whereupon the fat runs ^ out and is caught in 
a suitable manner. The pressing’of* blubber i5 generally 
effected in ^ery primitive presses • wprked by levei\. Of 
cou.se, a quantity of the product is lost,^ but Rose, Downs# 
& Thomson of TIull have constructed a screw press for fish 
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oik highly suitable /or this purpose (Fig. 42), only moderate 
pressure being requirei. filVie sh^t carrying the screw 
spindle i*; fitted at either 'end* wfth fast and loose driving 
pulleys, that on tht end being driven by a straight and the 
other by -a crossed bclt,*so that the*pfatesof the press can 
be raised or lowered by jt^am powder, and alsof when neces- 
sary, stop[)ed at once. The actual precis i^ placdl witMn a 


♦ 



'^team-jacketed chainber, the 'outeP walls being of wrought- 
iron strong enougih to withstand the pressure, whilst a door 
of similar construction and also heated by steam forms a secure 
and hermetical seal, ckiring the time the press is at work. 
The charge is packed in sacks which are l^id between metal 
press {jlat^s. The press can also be constructed to work with 
' hydraulic pressure,, while for certain purposes the jacketing 
chamber is omitted. 
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Fjlterjng Apparatus. 

• • • It ♦ 

The animal fats do nq^ re^quire to be j^ut through such a 
complete system of purification as vegetable products of the 
same class. In the.fiifc^t place, th(% animal fatuare "InerallJ't 
solid and therefore have^to be^brought into the liquid con- 
dition before they can be purified *or filtered ; on the other 
hand, they are rnostly put to such* technical uses, that they 
sustain a cej'tain amount of alteration,, sfiponification or 


0 



Fig. 43. --Filter presstvorked by po\ver»(Rose, Downs & Thom.'^n). 


melting, which purifies them. The fats destint^d for ajimental 
purposes are prepared liy gi;^duatarl 0% fractional^ pressir^g, 
then again they differ from the vt^^etablc fats in^that very little 
of the solid and e.xtraneous matters escape through the press 
clqths, so that further purification is usuallyVsuperfluous. 

As a matter^of fact, it is only tife ifquid fats eff the animal 
kingdom, th*e fish oils, that are pur>fi^d by filtration Vhen re- 
quired for alimental or high class technical purposes. The 
reader is therefore referred for information on the subject of 
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filtering apparatus tjo the author’s work on Vegetable Fats 
and *whefe they aniJ nipr# i'ufly ^descrihed. 



FiLTi^^i Prkss I or Lujuid Animal (Flsh Oils). 

* 43 depicts a 'filter press particularly suitable Tor 

filtering fish oils, and capable of treating twenty tons of oil 
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with ease; moreover, the press can be worked ever}' day /or 
a week at a time without req>iirf]?ii^<:leaning. It ‘has thirty- 
six press plates, and as ^oon as*the separate divisioi]^) have 



been fitted with the filter cloths and the screw tigliteT’ied U[) 
the imachine is ready for work. The hnijterial to be filtered * 
can be fed direct and the filtrate removed by pumping. The 
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priss is self-contained, contains no^ setting and can be easily 
fitted up, all that is requil-ed^itcwmake ready, for work being 
connecftio^i with a source of p®wet, dir.ect or through inter- 
^?iediat« shafting. 

Figs! 44 and 45 are also types of 'presses suitable for the 
filtration of fish oils. 



CHAPTSn IV. 

ANIMAL FATS AND OILS: KAW MATERIALS, PREPARATION, 
PROPERTIES AND USES. 

Ediple Animal Fats. 

Put few of the animal fats are used for edible purpose^ ;; butter, 
lard and dripping almost exhaust the list. The most import- 
ant is 

Butter. 

Raw Maicri-aL — Cows’ milk, as being the most abundant 
of the secretiofis of all mammals. 

Preparation . — Milk contains a fat — butter — which is ag- 
glomerated when felie milk is exposed to strong and' Continuous 
agitation. The phenomena have been explained by Soxhlet 
as follows: The fat forms, aloiig with *the other constituents 
of the milk, a perfect emulsion of small spherules oF vii’cy 
different sizes. ‘In this condition the-tfat is endowed with the 
property of remaining liquid at temperatures whereat the 
butter obtained from the same would be solid. This peculiar- 
ity results from the surface tension proceeding from -the ex- 
tremely thin layer of seru'-n (also knovtn aft the serum, envelop^^) 
lying within the sphere of attraction of thp globules. In the 
same way as molten masses in general can be made to con- 
geal by vibration, so in the inanufacti^re of butter a few drops 
are first made to solidify by mechanical concussio^n and these 
increase in s^ze by contact with the liquid fat. Th^' larger 
concealed particles of fat thus produced attach themselves by» 
impact to others, and so, finally, the greater part of the fat 
(90 
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becomes collected into small mulberry-like adherent masses 
separable from 'the other donstiti’.ents ofi.the milk by skimming. 
Therefore^ in the process of buttor-nfaking, the fat globules, on 
tjie one, hand, ^are cingealed, and on the other, the solidified 
particles 'are united to form a coherent *miss. 

In chemical nrompositlov ^nilk h a highly eomplex sub- 
stance. The following coi\stitut‘nts occur, (thqugh iif quantities 
varying betvvee,n certain limits) in all sound milk; casein, 
albumin, fat (butter), ‘lactose (milk-sugar), salts* and water. 
TliKi proportions vary, even in one and the same anifhal, 
according the mode of feeding, time of year, age *of the in- 
dividi^aV.etc., within certain limits, so that a universally applic- 
able analysis of milk cannot be given. * The appended figures 
are, 'however,, the mean of a large number of analyses: — 


Cows Milk. 

Avt-rage 

I’erccntanc 

Lirr^ts of Variation. 

Writer . *. 

. ^ 7-5 

83‘o-9j>'o per cent. 

Solid (dry) ti'rUtcr 

. r2-5 

io-o-i7'o ,, ^ 

Contniniii)' ; — 

Fat (hiJ^ter) 

• 3*4 


Casein . «. 

. 3*2 

'-^• 0 - 4*5 

Albumid . • . 

o’6 

o*2-o*8 ,, 

I.acto-protein 

. O'l 

^ 0-08-0-35 „ 

tMilk-sugar . . . * 

4-5 • 

(r3-6‘o ,. 

Ash 

. 0*7 

• o'7-o*g 

The following analyses 

show the composition of whole 

skim milk : — 

Fat . . * . . ^ . 


Whole Milk. Skim Milk. 

3*50 0-46 

Casein and albumin* . 

• * . • 

475 3-37 

Milk-sugar ^(lactose) . 

« • 

4 ’r 7 5'34 

Ash . . . * , 


. 0*70 0*72 

Water • , • 


86-88 go-ri 

Th(f greatest care and* cleanliness 

100*00 lOO'OO 

• 

are essential in the 


paration of butter, by I'eason of its extreme liability to absorb 
extraneous flavours and odours, the best fresh milk immediately 
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undergoing an unfavourable alteration under the influenc/^ of 
even very smalj quantities of fc-?m€nted or sour -milk. For 
this reason storage chambers <for milk hav'6 to be select?ed with 
great care, and attention devoted to keepir.g them scrupulously 
clean. 

Very widely divergent methods are employed for pre- 
paring buKer frqm rpilk. In fill the milk is divided into two 
portions :■ — 

1. A craam very rich in fat, this befng taken for churning ; 
whTfst 

2. The.second portion (poor in fat), the skimmed, blue 
thin milk, is put to another use. 

In separating the ’cream from the milk three different 
methods are practised : — 

1. The milk is left to itse!>f as a layer, some ^ in. deep, in 
shallow pans (rhaliow setting) until the cream collects as a 
consistent mas’s on the surface. 

2. The milk is set in high vessels, 16-20 in. in height 
yleep setting, or Schwartz process), and kept at a i^mperature 
of 2''-4‘' C. 

3. The milk is separated almost itistantaneously in special 
centrifugal machines (rrrilk separators) into separated ‘ iriiMv 
and cream. 

The first method, is the oldest and is still practised in 
many dairies. The vessels employed are either of wood, well- 
fired stoneware, enamelled cast-iron or pressed irinplate. 
When the cream has finished rising it -Is skimmed off with 
a flat spoon or separated from Tie skim . milk by means of 
special appliances. In small dairies basins are often used 
frqpi which the skim milk can be .poured away direct, the 
cream being retained by a cream 'catcher. When kept for 
some time, or when the cream is a long while ii) rising, the 
products — skim milk and cream — arrive, at the initial stage’s 
of acid fermentation. 
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vWith regard to No. 2, this method presents the advantages 
of keepings the products s^>teet, ‘requy-ing fo\ver vessels, oc- 
cupying less room, and being inde^iendent of the state of the 
feather. On the 6ther hand, the cream is thinner and more 
bulky consequently the yield of butter fnilk is increased. 

No. 3. In the nrocessrot “*separating” milk, the liquid, en- 
clo.sed in a rapidly revolving dtum, is, by< th(ji actiofi of ceAtri- 
fiigal force, affi<cted ifi such a manner that the specifically 



Img. 46.— The De Laval sc'ilxrator. Fig. 47.— The De LaVal 


(Elevation.) ^ separator. (Section.) 

heavier milk is impelled against the outer walls, whilst the 
specifically lighter cream is forced upwards and towards the 
Centre. .This proqeSs enables «the \tork to be carried on un- 
interruptedly,, producing a* con.stant flow of sweet cream 
and “ separated milk. Among the various types of cream 
separators that of Dq Laval (Fig. 46) has proved the besU in 
practice. I'n this apparatus the fresh milk ,is run in continu- 
ously, Whilst the cream^aild the skim milk leave ‘the machine 
by two separate outlets, these products being obtained in such 
a condition that the cream may be either sc^d as a luxury 
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of diet or worked up into butter, whilst the residual milk 
makes an excellent cheap “food • separator co’isists of an 
oval hollow vessel A (Fi<^; 47) of best Bessemer cast-steel, and 
holding about H galls., which is encased' in a cast-iron bowl 
and rests on the sprndie K. This 'latter stand's loos^ely in a 
wood block bearing in a depression in the pivot //, which is 
driven by -the small band pulley and intermediate gear at sucii 
a rate that it makes 6000 revolutions a minute, carrying the 
spindle and the receiver with it. The central supply pipe rz, 
wit^f two lateral delivery lubes, is screwed in the bottom of A, 
and over this fs slipped the tube / (leaving an annular space of 
about in.), the lower end of which is fastened to a ring 
which forms th6 bottom of the small chambers; and- over / 
again is placed the tube d, which expat’ds below into a cU[)- 
shaped cover forming the upper part of the chamber r, tfie 
whole being joined to A by four screws. From the bottom of 
c projects the bent open tube />, reaching' to the inner peripher)’ 
of A. ‘ If now the milk be admitted through a into the re- 
ceiver, which is running at full’ speed, it is forced ''with great 
power against the walls, the time required ‘to fill A sufficing 
for the .separation of the milk vnto its constituents, of which 
the specifically lighter cream collects around the central snpply 
pip^ and is driven^ upwards as the supply proceeds into the 
narrow annular space between a and f and to the chamber c, 
whence it runs away through a pipe. The thin milk rises up 
through b into the small chamber c and thence through the 
opening between d and y^into the chamber B, whence it also 
escapes through a discharge pipcv 

The Bechtolsheim “Alpha*' separator, driven by power, 
will treat up to 460 galls, of mill^ per hour, leaving only 
about 0‘2 to 0’3 percent, of fat in the separated milk ; smaller 
machines are also made for hand driving, to separate 1 5 to 60 
galls, per hour. 

In Fesca’s a:entrifugal machine (Fig. 48) the operation is 
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cH#:ontinupus. The milk enters through the funnel a into a 
roomy cylinder A runnii^g JA high sp^ed, whereby the cream 
is forced, #in the direction indicated *^by the arrow, towards the 
^fentre,*wherq it is detained by the cylinder whilst the thin 
milk runs'away from the periphery of A^through openings in 
the bottom, and,‘eritering.the'jacket'’space H, is rfln off through 
the pipe C. At the end of abbut an h(vir tke liqirtd escaping 
from C is not merely thin milk, but milk that is only slightly 



separated, owing to the chamber /; being full of cream. When 
this is observed the driving belt c is slipped on to the loose 
p.ulley ai;d the drumds a'llowed^to empty itself. As the centri- 
fugal force decreases the cream runs out into the jacket space 
and is caught in a .separate vessel at C. When it is all out 
the operation can be reQommenced. 

The separation of the cream is effected more readily at 
somewhat higher temperatures than it is in the cold, so that it 
<s advisable either to put the milk through directly it co\nes 
from the cow or else to warm it up to blood, heat. On the 
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• • • * 

Other hand, the keeping qualities of th^ butter improve^in 
proportion as the mitk after the crdtim jtfter sepa- 

rating, is brought down tti) t^ie (Jesired I Aw tempejatyre, for 
which purpose special coolers are used, coilsisting of a cooling 
chamber for the liquid* surrounded* by one or fwo^ series oP 
tubes through which cold, wate^ js continuoiisly flown’iig, the 
prof^uct beung drawn^ off aftei^i certain time into a vesseT 
beneath. 

As we hc'yve already seen, sweet or s^)ur cream is obtained 
as raw material for butter-making, accoialing to the systym 
pursued. •No Vlifference* is observed in the yield, of butter 
whether the cream be sweet or sour, but there is aM^istinct 
difference in (labour, sweet cream yielding a sweet, •nutty- 
flavoured butter, whilst that from sour c^'eaift has a -sour and 
(when the cream has been keptjongj even a rancid^taste. Tlie 
temperature of t^ic cream for butter-making should be about 
15 C. in summer and 20'' C. in winter. *The princi[)le of the 
process' has already been discussed. It is nec»essary to sul)ject 
the cream to powerj'ul and unifonn agitation, the retaliation of 
which constitutes a very important part of l*he process. For 
this purpose a large number of c^pliaiwes have been devised, 
but it is im[)ossible to refej* to them alU 

"Jhe types of ciinstruction may b^ divided into classes, 
according to their action, /.c. 

1. Beating (dashing), 

2. Stirring, 

3. Shaking. 

As to which form of apparatus the best the^ opinions of 
butter-makers widely diverge. So far as tffe constitution of 
the butter itself is concerned, it is immaterial which method is 
adopted, the only conditions to be fukilldf^ being thfit of form- 
ing the butter’in tRe shortest po.ssiblc; time and in the l!l’ghest 
degr ee of purity. 

Among the ajppliances may be mentioned : The percussioa 
7 
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chMrn (farmer’s churn), which is the oldest but least recom- 
mendable,’'by reason of the expenditure qf force required ; 
Lefehb’s rotary barrel churrl ; I^vi:^.’ rocking churn ; the roller 
churn ; the Holsteii. barrel churn, etc.* Among thoise suitable 
Tor wofk on a large scale Rennes’ butter machine (Fig. 49) 
should be mentioned : this belongs to the type of percussion 
and dasher churns. ^ 

Tile milk is placed in a box J so arranged that there is no 



Fin. 4(jr— Rennes’ butter machine, ' 

difficulty in running in the cream and removing the butter, 
both being effected through the flap door K. The buttermilk 
js drawn off through ar opening at the bottom of the vessel, 
generally ke|)t closed by means of a ball valve. The beating 
of the milk is accomplished by a pair of dashers FT alternately 
raised and lowered by eccentric gearing. A disc A with 
grooved rim rotates oh a fixed axis and carries the two ropes 
c c, which are also connected with the rods T T attached to 

a 

^ Translator's Noti '. — There are many makers of these different styles of 
churns, those above being evidently intended by the author, as typical examples. 
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the dashers P P. A also carries an iron arm connected tvith 
the fly-wheel Ci at P^by a*r#d##^, ?he pin P'* fonming at the 
same time the crank of tfte fly-\vlieel. 'fhe distamse from the 
centre of the guide disc to the point of attachment of.the c<^i- 
necting rod with thfc iron arm being greater than tbt? radius of 
P’, A can tlferefore mere^/ rotate^ through ,an arc the radius of 
wbich is*doubl«,^ thgt of P', w 4 iile ,P' makes a complete turn. 
The arm is rigidly attached to the disc and tl>erefore the latter 
can only uiake an alternating semicirailar movement, during 
wHich the points at which the ropes c c are attached han^e a 
similar fnetion, z>., a semicircle, whereloy the aWj^checU rods 
T T are caused to rise and fall alternately. These /bdj move 
vertically through suilable apertures in the cover of ^he box 
J, and since the ropes c c are placed exactly opj^oslte onb an- 
other the one rod T begins ^ rise at the same in*?tant that the 
other rod com«icnces its descent. A perforated partition N 
is placed befween the dashers P P, a^id, finally, the cream 
chamber J is surrounded by a vat O which *can be filled with 
lu)t or cold watei* as desired • 

Brochardt’s butter machine (Kig. 50) b^‘longjj to the class 
wherein the .separation ^of the Rutter fs* effected by the stirring^ 
produced by the vertical rotation ot* a shaft. This IT^aclti•le 
co^isists of driving gear K, which, \j^ means of wheels 1 and 
J, sets a shaft B in ra^)id motion. ,B carries a scries of vertical 
dashers and also a tube (/ connected with a toothed wfieel H, 
which in turn is in connection \Yith the wheel i. At+he lower 
end of the tube r/ are Axed.a nunfber^[ horizgnWil rods -P', 
forming the spokes of awheel, wiiile a similar wheel is situated 
below, being connected with the upper one by the vertical 
dashers G. The shaft c, which is attached* to the box of the* 
lower wheel, is supported in a bearing in the l*ottom of the 
churn. There are thus in the machine two systems oY dashers 
(G, Cj, both of them movable, thouglf in opposite directions. 
This opposite motion, produced by the force acting on the two 
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cone<}wheels H and I from the wheel J, causes, as can readily 
*be understoo'd, a very brisk of t[ie creapi in the churn, 

quickly ffffe^ting the kparatidn of*thd butter. 

The proposals wlich have been made for admiftin'g air, or 
for adding, r^c ids or alkalis to the cream *n ‘the butter-makin^^ 
in order to facilitate the pq^id separation of th« fat, have 
proved unsuitable. 

The butter pr^oduced by one or other of these mechanical 



I'k;. 50 — Brochardt’.s butter machine. 


proce.s.ses contains a larqe proportion (16 to 22 percent.) of 
enclosed buttermilk, \vhich causes^ the butter to quickly be- 
come rancid, unless ‘thoroughly expressed. This buttermilk 
contains both milk-.s\,igar and casein in solution, when sweet 
cream has been used, or, when the cream is sour, solid casein, 
in addition to dissolvetfdact.ic acid. All these substances are 
readily (Jecompo.sable, the^ milk-sugar being^ converted into 
lactic acid by the lactic fgrments present, and then causing the 
casein to curdle. On' this account the cavities in butter pre- 
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pared from sweet. cream and not further pyrifi<jd very*soon^ 
exhibit small* lumps* of^curfl t^ether with a liquid tasting 
strongly of lactic acid. 

After a short tiiry:^, particularly in summer# the Inctic atyd 

is further converted into the evil-smelling butyric atifl, whereby 

the butter assumes a repellefit* taste and ’smell. When {he 

butter has been irfade from *sour*cream, then lactic acid will 

be present ready-formed in the butter, and tlie decomposition 

q^ this acid into butyric acid will occur much sooner than in 

the case of ^weet-crea<n butter. The decom[)osition, on^e set 

up, exterlTls also to the fat, the butter very sooh cissuifling a 

disagreeable, y ritating taste and cheesy smell, whieli render it 
• • 
unfit either for eating or cooking purpo;;es. Buttbr which 

has undergone such alteration can be dgain rewdered suitiible 

for cooking only by a carefully performed re-melting. 

It is, thcr?fore, es.sential that the biittermilk should be re- 
moved in order that the butter may keep ^aiui taste well, and 
the more completely this effected the more succe.ssfully will 
such object be attained. As demonstrated by experiments* 
(particularly on a small .scale^ wherein tlx^ butter was care- 
fully freed from the adherent buttermilk, really pu/e butteu' 
prepared in this ,way is sur[.frisingly stable, when it ktpt 
af a temperature not exceeding 15 '^ 6'" C., the pure fat being 
then much less liablti to decompose than when buttermilk is 
present In order to remove the latter tlie butter ’must be 
carefully washed with col(J waiter, care beiiig takeri at the 
.same time that the butter i^ in as finely dividc^l & condilfon 
as possible, and that all the ])afticles thereof are brought into 
contact with the water which is continually removed. 

Working the butter by han^ •iv impractic^able in largfe 
dairies, th^refoie special machines have been madg^in which 
the butter is worked, either betweeil grooved rollers or on a 
table, by a kneading roller, driven by hand or power. As’ a 
rule, eight or ten kneadings are sufficient to^ force out alTthe 
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butdirmiik, ;ifter which the butter is ijiade pp into the form in 
Which it is tb be sold. 

In Winter time, when the covWs are fed largely on hay and 
rpot crops, th^ butter is vej'y pale in co^lour ; it is usually the 
practice to lemedy this by using butter colouring. At present 
general use is mado for this pi/rpose of annatto butter yellow 
or, in small dairies, even carrot *juice, the' butler being either 
mixed or kneadld up with the colouring matter or the latter 
is added to the cream before churning, the latter plan resulting 
in a’ more uniform distribution of the colour. 

Fyoptrdes of Butter . — The colour of butter varie.'. consider- 
ably, ranging from a very pale cream to a fiije deep yellow, 
winter butter being generally the palest, whilst summer butter 
is jnore highly col/ 3 ur 6 d, this characteristic greatly depending 
on the compbsition of the fodder. The consistency is to an 
uncommon degree .influenced by the prevalent atmospheric 
' temperature, thv same butter being fluid in summer and hard 
and solid in winter. Taste aud odour should be agreeable 
t and purely butter-like. 

Unmelted unsarited butter contains under normal conditions, 

* • • 

•♦ according to Kdnig: — » 

• * * * * 

Fat . . . . ^ '' 87 'o per cent. 

Casein o*6 ,, 

Milli-.sugar . . . . * . . . « . 0*5 ,, 

Sahs o‘3 ,, 

Watfr 117 ,, 

The composition, however, varies ‘considerably, in that on 
the one hand the fat may aniount to 90 per cent., whilst on 
the other the water may form as much as 35 per cent. 

' In consequence of ,itSi content of water and casein, butter 
quickly turns rancid. Attempts are often njade to combat 
this rancidity by kneading the butter with 3 or 4 per cent, of 
common salt after thorough washing. According to Benedict 
the' same result may be better attained by keeping the butter 
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in a melted conditioji until it has thorou^^hly clarific^d and ttien 
separating it from th« prediilt^^d \vater and Ccfsein, Milk 
fat treated in this way is, liovvever, no longer sfildible as 
butter, as it lacks the characteristic^ appearance jind llavour ^f 
this article. * • * 

Apart fr?)m traces of t:olourtn^ matter, lecithin, cholesterin, 
etc* pure^utter fat tonsists scflely of the tri-glycerides of the 
fatty acids. Up to the present, acetic, butyfic, caproic, cap- 
rylic, caprii?, lauric, myristic, palmitic, stearic, arachic and 
oleic acids have been i^^lated therefrom. An unusually Ifigh 
percentage*of glycerides of the volatile fatty acids 'i.'i ^ipectally 
characteristic of butter, but the bulk is composed oCpalmitin, 
a little stearin (classccf both together as rnargarin) ancf»olein. 
The composition of butter is : — 

•• 

{Acioniifii; to It fil'd let'). 

Margarin . . . . . fif) per cent. 

Olein * . , ^ c'H „ 

Putyrin * . 6 ,, 

. • 

* (Ac'c’ordi/t^ to Wintt'i'-lilyth). 

Stearin and palmitin ^ 5o‘o jier cent. 

Olein •. .*•. . .\2‘2 ,, 

Butyrin . . . •. . . • # • • 7‘7 • 

Caprin, caprylin ^ . . o’l ,, 

It may be calculated a*pproximat?iy as follows : — 

When the Hehnei* number of a* butter is found to*be 87 5 
and the average molecular weight of the insoluble fatty acids 
270, then the sample cont^inj-> 91*93 per cent, of ^ycerides 
of the non-volatile fatty acids— olein, palmitin ani] ‘ftearin. 

If the iodine number be 3cfi, the itprJine ‘value of olein 
being 86*20, it follows that the olein content is 34*92 per 
ctfnt. ; therefore such a butter — the^ glycerides of the volatile* 
fatty acids ^eingi calculated by ^difference — contains—^ 

Palmitin and stearin . ' . . * . 57'fu jier cent. 

Olein * . . . 

Butyrin, caj^roin, etc ^*07 ,, 


loo’oo per cent. 
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♦An in^icatjon oP the nature of, the volatile fatty acids is 
afforded b3?' the Reichert nifAitfe^. ^ According to Meissl, the 
fatty ^cids distilled from 5 grfns. of butter require, on an 
iiveragoi 284^ c.c. of Abnormal alkaji for their saturation; 
consequcintly, the fatty acids from loo'grms, of butter re- 
(juire 56‘9r) c.c. *of {-normal hlkali *or yig per*cent. KHO. 
This corresponds to 077*8 paVts of gly^erirre radicle (CgilJ, 
which, dcductetS from 8*07, leaves 7*29 parts as the volatile 
fatty acids obtainable from 100 parts of butter.^ Therefore, 
7*2^9 parts of volatile fatty acids require 56*96 c.c. of normal 
alkali (or 'their saturation, and consequently tlfeir average 
moleoulaV weight is about 125. The molqcular weight of 
butyric acid is, however, 88, that of caproic acid is 116, of 
cjy)rylic acid 144, jfnd of capric acid 172. Consequently, 
Winter-Blyth’s statement that blitter fat contains 7*7 per cent, 
of butyrin and only o*; per cent, of glycerides’of other volatile 
fatty acids requires correction, the percentage of caproin, 
caprylin and caprin being muc^i too low. 

These Calculations must not, however, be* taken as absolute, 
seeing that, the mean molecular weights of the volatile fatty 
acids obtained by the Reichert-Mejssl process vary very 
ctjnsiflerably, Juckenack*and Pasternack fii^ding values varying 
between 95*1 and 98*3, ‘!\rnold found 98, and Siegfeld, 98*4- 
103. Jhe.se figures would indicate a much larger proportion 
of butyric acid than that derived from the above calculation. 

Violettc cafculates from analy.ses the composition of high- 
d^ass butter ^fats to .be as follow^. : — ^ 

« » * 

Butyrin 6-o9-6'94 per cent. 

Caproin . ^ 37o-4‘(6 ,, 

. Glycerides of solid vqIaiUe acids . . . 2-gf)-y 22 ,, ix 

Glyceridts of non-volatile acids (palmitiii, 
qff.ein, stearin) 85-9?i-S6’6i ,, 

•. The constants of butter fat vary within somewhat \\?ide 
limits as given below: — *• 
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Constaifts 

Specific gravity at 15° U. . ' 
n M ,» 100"' E. * . 
Melting-point 
Saponification value ^ . 

Iodine value . . 

Reichert vjrlue . . # . 

Reichei^-Meissl value 
Refractive index' at 23 ' C. 
Hehner value 

Constiiiits of Fat 
Specific gravity at 

• 15*5’ 

Melting-point . 

Solidifying poirt 
Neutralization value . 

Iodine value 
Refractive index 


^ Butter Fat. ‘ 

f » 

*■ . ’ . . o’936*o'g4o 

• • • f ■ 

c • ■ 

ufvo-5o-'4 

^ r. • • ; ' 1Z-5-I5--J 

^ . 20-f)3-_^ 

. . I •. 1390 - 1 ’46^0 

. '■.S(r45-S9-.S 

V Acids (f Butter. 

• •9<>75-^'Oi357 

3S'’-43; 
210 Z20 * 

s . ,'-^^-31 

^ • • • • 1^37-1439 


As revealed *by the microscope, fresh cow’s butter con- 
sists of perfectly spherical transparent fat ^dobples. H assail 
found crystals in older butter, these being, accordin^^ to Mylius, 
best detected whed the fat is e.vamined under the^'polariser 
with crossed Nicol prisms, the crystals a Vine being then 
illuminated, whilst the rjjst of tlie field* is in darkness. On 
using also a selenite plate the ^uystafs give a beautifuTplay* 
of colours. This methoc^ of examination serves to detect 
margarine or melted bitter (see p. 1-23). 

On prolonged exposure to the air, butter assumes the 
smell of tallow and becomes white. The setting of butter 
after melting does not {frogress umlforn'ily, but*, a ^ kind of' 
crystallisation occurs. The portions nearwst tc- the walls of 
the vessel are the first to crystallise, and they differ in com- 
poi^tion from those remaining longer -ligiud in the interior of 
the mass. Som^imes this separation proceeds so far that 
an oil (“ butter oil ”) and a solid fat oV ** stearin " are, obtained, 
which can also be separated by allowing tfie melted butter to’ 
set at 20° C. and then subjecting it to pressure. 
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ADULTlgRyVlTONS (^F BUTTER. 

TJie^ adflitions* made to huttlr are of a very divergent 
nature. 

The coarser forms of adulteratioil consist of clay, chalk, 
gypsum, starch, meal, potc^tc^ starck, ground white cheese, etc. 
'Borax, water-glass and alum .are somet^es addedi to preserve 
the butter anc^ increase the weight by attracting the largest 
possible amount of water. 

^ To impart a yellow coloration, small quantities of anifatto, 
saffron, cprcuma, azo yellow, etc., are frequently giddcd. 

Tha most important adultcriition, how^ever, is that of 
adde^ extraneous fats, such as lard, ‘tallow, ^goose fat, cotton 
stearin, • coco-nlit f/il and palm-nut oil, and particularly 
()leomargap*ne. *. Though thq. addition of matters not be- 
longing to the fatty series can be easily , determined both 
qualitatively and qhantitatively, the detection of extrane- 
ous fatty maftcis in butter was long attended with great dif- 
ficulty, ivitil suitable analytical 'methods .were elaborated by 
Kotstorfer, Hehner and Reichert. Of these processes, how- 
ever, Reichert’s (or o».v3 of its modifications) alone still gives 
.lAiliable results, since, ‘according to* Moore, mixtures can be 
prepared from oleomargarine and coco-nut oil which, give 
exactly the same Hehner and Kotstorfer numbers as pure 
butttff. By means of the specific gravity determination, the 
refractive index, and the Reichert-Meissl number the purity of 
butter fa| can bedeckied safiHaoforily in every case, except 
when coco-qut or palm-npt oil have been added. In such 
cases the Polenska value is to be relied upon for givini£ a sure 
indication. 


Beef Lard, or Re-Melted Butt-sr. 

Butter, as is well 'known, easily turns rancid if not *care- 
fully stored, and such butter is, therefore, for culinary pur- 
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poses frequently converted by a careful re-5nelting in/o “ be^f 
lard”. When butter is cfare^uiy nSeTted without addition over 
a fire, a froth, mainly consisting of unremoved casein, 'cotlects 
on the surface of the liqi^id ; but the jjiolution of imlk-su^ar in 
water, present in the flutter as a result of insufficient washing, 
is, however, not so easily rembv^able, and' remains in the 
butter! In practice if is gener^ly considered sufficient to 
skim off the froth from the liquefied butter, so' long as any 
form^ and to^hen fill the butter direct into wooden tubs, 
where it is left to set. # 

When thf melting is carelessly performed and tlve^te^^r- 
perature allowed rise too high, this results directly mu «the 
development in the liquefied butter of an , irritating,** un- 
pleasant taste, due to the formation of ceftaii) deoompo.sitioh, 
products. Therefore, as butter *is an expensive prc^duct, it is 
advisable to proceed carefully in melting, sp as to preserve 
the quality, the increased expenditure of fabour Jbeing amply 
compensated for by the improved results. 

The best plan is to place the butter to be trcaTed in a 
shallow vessel of thin, well-tinned sheet-iron,'this being .set 
in another which is filled with water, and to which hea^ can 
be applied. Butter Ijeing,* like atl fats,* a bad conductor"^ of 
heat, "melting would take a long timcT unless facilitated by 
stirring. So long as a«y of the butter remains unmelted 
the water in the outer vessel may be kept on the boil, but as 
soon as the whole is liquefied the temperature is Toweren until 
the butter is ju.st fluid, and Tn tWs state it Tsdeft to vejrose for ‘ 
several hours without stirring. 

Whilst in this condition of repose the particles of casein 
rise ^o the surface completely, while ^the,.aqueous liquid ad- 
mixed with the better subsides to the bottom, leaving the 
butter clear and transparent. Skimmifig is now [>ractisefl, 
the most suitable method being to remove the uppermost 
layer by a skimming spoon and pour it on to a cloth of close' 
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vexture^sprcad upon a hair sieve, .through which the fat passes, 
leaving behind the partiPl^s t)f casehi. Oirly when the surface 
of tke butter has' been cleared of every particle of froth is the 
removal o( the At proceeded with, and is then continued until 
only -about one inch de[)th of fat is* left in the vessel, the 
residual portion being alMved td solidify, in which condition 
it can readily be separated from the lAiderlying fayer of water. 

The praiuct (“ beef lard ”) thus obtained is a perfectly 
pure butter fat, without the slighest trace of rancid or em- 
♦pyreumatic flavour, and it is muqh better to prepare butter 
4)r coplfing pur{)oses in this way than to run ‘the risk of its^ 
be^colljing rancid. ^ 

.fV small sample of the “beef lard ” taken from the setting 
t^esscl shoiild be a pure yellow colour and very translucent, 
a conditivan which can be atfCained by allowing the butter to 
cool only very slowly, /.c., at a suitable* and gradually de- 
creasing temperature, so that the fat can crystallise uniformly. 
Usually the colour of the, product is somewhat duller than 
that of^die original butter. 

Tkstinc. Buttfk. 

Idle following methods* for thd testing of butter fat may be 
adopted : — 

Specific (iravify of tJic /v?A— Kell* determines this constant 
at C. ( ■ too" F.), at which temperature the sp. gr‘ of 

buttffi- is o grii to 0'9t3, and that of oleomargarine and other 
flits 0-9028 to Q (Jo46*. ' 

Konig ^lerflyms the tstimation at 100" C. and finds for 
pure butter 0-866 to 0-868, or for adulterated samples 0-859 
to 0-865. • • 

According to Adolf Mayer, who worlvs with the ordinary 
areometer, at 100'' G. (or, more correctly, at the temperature 
of boiling water), and thereby obtains figures of merely re-« 
lative, not absolute, value, the state of thb barometer must 
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be taken into account, since a difference »of 2 mm. in tlie* 
*barometer reading causes, the sp, tV) vary by' o-aooi, so 
that the frequently occurring differences of 40 mm. of y-e.^sure 
will cause a discrepancy of 0-002, whilst tilt total, difference 
in sp. gr. between natural and artificial butters amounts to 
only 0*007. 

CaAamajot employs .die Hager method. 'I’he (at is melted 
in a spoon and one drop is introduced into 5(''-5 per cent, 
alcohol, the sp.tgr. of which is exactly miflwa\’ between butter 
(0'92(rcorresponding to 537 per cent, alcohol) and oleomar^ 
»garine (0-913 59-2 per cent, alcohol) at 15 .Sl'.o,uld a'^ 

air bubble adhere to the drop of fat it is detached by t)ie 
aid of blotting paper. Iffthe drop does not sink a slight 'con- 
cussion will cause it to do so if heavicM' thandhe licjuid. Butter 
sinks to the bottom, whilst oleon'/argarine floats. Jf a dro[) of 
the melted sain])le«’)e jioured on lo the spirit, warmed to 3c) C., 
it will set, if biftter, whereas oleomargarine remains liciuid, 
although both float. On reducing the temjierature to i 5 C. 
the hitter fat solidific*. as well, and butter sinks. A “'jutter” 
that uill not sink in 5 5 per cent, alcohol is oleoyiargarine with 
at most a third o( cow’s butter. 

According to Moore, adolteratiiin of',,butter by a mixtilre* 
of ole<rfmargarine and coco-nut oil cannot be detected by this 
means, since the sp, gr. o^the coco-nut*oil (0-91 67 at 37 7. C.) 
is high enough to raise the sp. gr. of the mixture to that of 
butter (0-911 at 37-7” C.). 

Emidsijiahility . — Accordftig *to Adolf Mayer, butter ex- 
hibits a greater capacity for formiiu( emulsiq^ns than any of 
the fats employed to adulterate it, because the latter have 
been jn el ted in the purifying proce.ss. therefore sought 

to establish on this basis a simple method of testingg which, 
however, cannot be regarded as perfectly j-eliable. 

SiMuOilit }'.- — -The following tests for butter are based on 
the different solubilities of butter and its adulterant fats : — 
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<•, Hoorn dissolv&s i grm. of the sample in 7 cc. of petroleum 
spirit and lekves the s 61 u^!^n(. to staled a fe,w hours in tightly 
closwd ^vessels aV C.* flutter fat remains dissolved, 

whil.'jt veal fat, tMlow and hog’s lard separate out. 

IVLiinzel dissolves i grm. of the‘ fa‘c in 12*5 grms. of ab- 
solute alcohol (sp. gr., o\ 7 ^ 7 ) omthe water bkth, closing the 
tube with a cork pierced to allow th(i‘. passage of a thermo- 
meter, whiclv reaches down to the bottom of the tube. The 
latter is then removed from the water batb, dried rapidly 
the tem{jcrature at which the fat begins to set noted. 
J^Iiinzel .obtained the following results : — 


Covimincemcnt of SolitlificatiotA 


l\ire butter , • , • 


. 34 ° C 

,, , 4 io«per cent. 

of horse fat 

• 37° t. 

ir >1 ~r) ,, ,, 

tf*- .. 

• t, 

»i >> 3^^ »• t* 

tt tt • • ^ 

• 44° t, 


tallow 

• 4‘^° M 

n , M ,, ,, 


• 43° 

M » * 3 r* 1 1 t » 

t. 

• 46 ° „ 

% It It )i It 

'hog lard . 

• 

„ ^0 „ „ 


. 41 " „ 

• 1 y 3“ .. 

t. 

• 43° .. 

Margarine butter * * . 

• 

• 

Hut ter + -25 per cenk of oleomargarine* . 

• 4«° 

t. 5^’ ti* 

tt . 1 . 

• 4^° .. 




Horsley, Balland, Husson and Filsinger hav 


e made use 


of ilie varying solubility of pure and adulterated butter 


etheuor ethyl alcohol as a test of purity. Crook employed 


carbolic Jjcid as solvent, anil* hi» results were confirmed by 
Lenz, with^only^a slight (divergence in the values. Ten grains 
(0*648 grm.) of the filtered fat are dissolved in a gauged 


tCjSting cylindeV at about 66 ' C., shaken up with i *5 c.c. of 
liquid carbolic acicl* (cchitaining 373 grms. of crystallised car- 
bolicfacid and 56*7 grras. of water) and warmed on the water 
bath until transparent. After standing a while at ordinary 


temperature, one has either a clear solutioii (butter) or two 
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strata separated by a clear line of demarcation (beef, muttoti, 
hog fat). The vplume ^f the.hiuM^sA'atum amounts to : — 


Beef fa\ 
Mutton fat 
Hog fat 


A^rook. 

49*7 per cent. 
44‘t> I 
49-6 .. * 


I.eiUj 

— per cent. 
39‘^* 

37‘‘> *1/ 



After sufficient cooling, more or less deposit is apparent 
in tfie upper layer. With 5 per cent, ofi'hog fat I.enz could 
no longer detect ?my separation into two layers, but iit the 
end ^ of twenty-four hours a crystalling turbidity, ‘differing 
from that ob.served in true butter, made its appearance. 

More recently Zeiss’ butyro-refr.'ictorneter ha^* been largely 
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Uf^d for butter tcstjn^^, adulterations being rapidly detectable 
therewith!^, 'Wiis instriftTi^*^i, ^sypplied hy C. Zeiss of Jena, 
is shn^wij in Fig. 15 1. A ‘and, B fare the hot-water jackets 
surrounding the (two prisms and facilitating the testing of 
''the fat^ at temperatures *ab()ve their ^nitflting-points. C is a 
hinge on which B turns, 1 ^ /he waiter feed [)i[ie and K the 
'outfl(nv [)i[)e. The bayonet patch for ^le hot-wat^r jacj^et is 
at K, and (i i.^^- a pin serving to adjust the object; H serves 
as a support for A atKl B, and J is the reflector. ^ 

1'his instrument is based on the principle that th<? re- 
fr^ictive powers of the fatty acids afford a meajis of deter- 
mining., their purity. It consists chiefly of a pair of prisms 
enclosed in a jacketed metal case, which, ‘by the aid of a 
ciKTcnt f)f water, enables the substance enclosed between 
t'lic two prisms to be kept at inconstant temperature. Above 
the prisms is mounted a telescope with ■<\ scale, on which 
the position of the ’ criticid line of the subctiince between 
the prisms c;ih be read off direct. According to the position 
and colowr of the critic.al line 'red in [)ui;e butter, otherwise 
blue— it can ?it once be determined, b)' the aid of the reduc- 
tion tables supplied with tins instrument, whether the butte 
lU'tfind or artifical. AVith .a little, practice, twent\’ to thirty 
e.vaminations ciin be made in the hour. 

Tlvj relation between the scale inde.x and refractive index 
is given in the following table e - 


Scale Divisioi). 

Kcfractivi' liulex. 

C) 

1 '4 2 ■..'() 


r‘4300 

20 

1-4 <77 


t'44.52 

40 

1-45 1*4 

5 f> 

04593 

60' 

04639 

70 

047-'3’ 

So 

i-47«3 

90 

1-4840 

100 

04''^95 
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Genuine butters have been found to^vary from .S7'5y(> 
44", the averaj^e beiii^^ 40*^ at ^4^""*, 

At a temperature of ^C. jnar^ariyc lias an a\XMa^c 
figure of 42 , coco-nut oil of 34", palm-nut o'i 36-5 . ‘'ukI cotton- 
seed oil of 58' . 

Wollny oj^tained the ^ollowi^iij values for natural butter, 
margarine ,and mixed butter, ^expressed in deyo'ces of the* 
scale at 25 ' C. 

Natural bi'|lLr 4i)-5-5j'o dcj^rt'cs. 

« Margarine 5S'5-0(>‘() 

Mixed butter 5i*o-b4-S 

• ’ 

butter with a refractoineter index of 54’0 at 2 5' *C*. i< al- 
ways an object o‘isuspicjon, and should be subjected to fui*ther 
examination. . . , , 

It is simpler, however, to use the ordlnai'v Zi^iss refracb-*- 
meter which is exactl\' like the one alreadi’ described, onl)' 
UTaduated in refractive indices. With, this instrument the 
following figures may be taken as usual : , * 


» Kcfi:un\e Indices 

* .it to X'. 

l.bitlcr fat I *4 sob- 1 ■4551 

Margarine ^-4474 t '44(44 

Coco-nut oil . r4.}74-i*44()7 

Palm-nut oil . . 044(49 ' 

Beef fat i*4S5r-r*45-SK 

'*Cotton-seed oil . , . ’ . . ^ . . i*464() 

The co))iplcte analy^s of butter is performed as folk Ays : - 
I. Estimation of Water, — 5 to 10 grms. f)f butter are 


weighed out into a Governed • beaker .aiu^ melted in the air 
oven. When the fat is clear it is filtered (still in tlie oven) 
through a tared filter into a taretjf flask, ca^e being taken to 
pour through the filter as much of the fat aiul as little of the 
underlying water as possible. The •aqueous residue is then 
evaporated iiA th(? beaker at 100' C, and the whole 'iT the 
rema.infiig substance is placed in the desiccator and Veighed, 
dried, cooled and re-weighed until the weight is constant or 

8 
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v^ies by not mor(^ than i rngrm. The loss in weight sus- 
tainefl h3f^th(% fat — the of fhe bctiker being known at 

the outset — gives tjie amount o/ \\»iter therein. 

The average afiount of water in butter ranges, from 13 to 
15 {)er*cent.*; butters wirti a water C(fnt^*nt as low as 9 have 
been met with, while the m^^ximu^l amount h^s been 20 per 
cent. Salt butters, es[)ecially^ those mixed with ferine, gpner- 
ally contain iS per cent* of water. Of late, l)utters blended 
with milk have been. .sold, these containing as ^uch as 22 to 
2^ jjer cent, of water. The legal .standarrl of water in tk^tter 
is however lO [)er cent. 

2. * ilstimation of Fat. —The reskiiie in the beaker is loosened 
as coippletely as po.ssible from the bottom b^ means of a glass 
roil and ivashe(Uvitl>water-free ether on to the filter, which has 
^een placcd*in a* funnel in the mouth of the flask holding the 
bulk of the fat, the beaker and rod being rinsed and the 
filter and contents gashed with ether until iv test drop on a 
watch glass shows that all the fat is removed. The ether is 
then distilled off and the fi^t dried in the air oven at 100" C., 
cooled in a desiccator and weighed when cold, the operations 
being confinueiruntilj^he weight is constant. The amount of 
fiuit i;a«ge.s from 82 '5 tu 86’5 per ceijf. 

3. Detenuinatiou 0^ As//. -The residue collected on the 
filter ajul the filter itself are carbonised in a platinum crucible 
at a ^rtioderate heat and, after extracting several times with 
distilled water and filtering, calcined thoroughly. The filtrate 
is then poured by (Jegives iiito the ash in the cooled crucible 
and the w^liole dried in the water bath, incinerated with the 
used filter in the (^covered) crucible, cooled and weighed, the 
weight of the two filters being deducted from the result. In 
the case of salted biffter,‘thc total amount of the mineral salts 
less tlij amount of ash ip genuine butter is appioximately the 
amount of salt present. As, however, butter generally con- 
tains no more than o'lo per cent, of ash, the percentage of 
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chlorine can only be very small, and the nmount of salt u;«d 
can therefore he, very ^approxtintAKdJ^ determined* from the 
chlorine in the ash. The presence* of prese^'va lives liive#borax 
or boracic dcid will increase the amount of ish. 

To determine the*amount of salt the i'csidue or ^jsh*of the 
butter is trei!tcd with hjt wa lien and the ,sf)lution filtered. 
This i^oluticfn is now titrated witJi standard silver nitrate usin^* 
potassium chromate as the indicator. The silver nitrate should 
be such that • c.c. 0 005 grin, of sodiilm chloride, staiulard- 
isecragainst a solution of pun; sodium chloride. ^ 

4. listJm'itJOH of /VeAvV/. --Eighty to lOO gnns> t^f but^^er 
are weighed out and the* fat separated completely*— jifter 
evaporating the water-^from the other constituents hi the 
manner already described in the estimarjon *of yioi.'^ture alid 
fat, the residue, carefully colleok;d on the filter, bewig used for 
the determinatic*! of nitrogen by the Kjeldahl process ; the 
result multiplictl by 6-35 gives the {lercentage of jirotein. 
Bearing in mind, however, that it is doubtful, ‘especially in the 
case of old butter and that fn>m sour cream, whether all the 
nitrogenous bodies belong to the albuminoiij groyp, a little 
uncertainty probably attaches td the figilres given for protein. 

5. Estimation of the Ssliihle X^m-N ttnoe;cnous Matter *(ifiill<-» 
sugar, lactic acid, etc.). — Tlic percentage content of water, fat, 
ash constituents and protein having l^ieen precisely determined 
by two satisfactory and concordant analyses, then the figures 
thus obtained are added together and the total deductwl from 
100, the remainder being rtfgardt^d ase.^pre^.sjng the, percentages 
of non-nitrogenous organic matter. » Accordyig tevobservations 
made in the Kaaden Laboratory, attempts to estimate this 
groyp directly do not generally attain ^he desfred object, sjjice 

in the washing of the fat-free residue more or Tess of the 

* • *» 

nitrogenous matter passes into solufiou. The figures ascer- 
tained for non-nitrogenous organic matter by difference are 
also affected by >he uncertainty attendant on those for j)roteii?. 
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f- Examination of i, the Butter Fat . — For the followin^^ tests, 
the pure Vjryriltcred rat*is,«fcnyloycxl. 

().^ R^’ichcrt-Meissl / Jl'hfs test is described on page 

298. Treated in^' the manner described and working on 5 
:jrms.'of butter fat, ^genuine butters rtqwire from 25 to 27 c.c. 
)f decinormal caustic soda^ * Any i'.am pies recjutring less than 
25 c.c. should be regarded with suspicion, althouj(h cas^s are 
not unknown, -where genuine butters have used as little as 20 
c.c. In such cases other evidence of the genipneiiess of the 
bjitter must be sought for. On the other hand buttefs rc- 
(miring as much as 33 c.c. of the alkali have* b^-cti recorded. 
Most ».ther fats give Reichert-McuTsl values of from 0'5 to 07 
c.c. but coc(j-nut fat and palm-nut ^iits art exceptions, the 
hy.'mer retiuiring 67-10 8*4 c.c. and the latter 5 to 6 c.c. 

It may^ be poitited out, lv.)wever, that it is possible to 
scientifically adulterate butter by taking on<^ which is known 
to have a high Reichert- Meissl figure and chiding to it just 
sufficient margarine to bring it to the lower limit but no more. 

Polerska Wilue . — liy means' of the Hehner and Reichert- 
Meissl values it is possible to determine in man\- cases 
whether a sample of butter is genuine, but since the intro- 
dua^irtn of coco-nut oik and palm-nut oil into margarine manu- 
facture the addition of a small (juantity of the latter has 
become increasingly difilcult to detect, as may be seen from 
the fi)1 lowing figures 

. Uchnrr value. Kciihert-Meissl \alue. 

Flitter fat ’ . . . , 26-30 

Coro nMt fat . ' , ‘ . . SS-c-gu’5 67-8-4 

Palm-nut fat .... yr 5-7-8 

Oleoinari^ariiic . . . 95*96 t>'3-0‘7 

It has beei> noticed, however, that when the total fatty 
acids are distilled atong- with water a small quantity oi in- 
soluble* acid separates out on the surface of the liquid. 

In the estimation of the Reichert-Meissl value this is 
filtered off before titration, but it was soon found that the 
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quantity of this insoluble volatile acid varied with the fat^y 
acids which were^ disfilled, aijd, were ifladp* to utilise 
this factor for determining^ the nature of# the fat iqid^r ob- 
servation, the most successful process up teethe present J)cin^' 
that devised by Poleusk^a which is describpd on p. 298,* 

The Poleilska values o^ buttej* (at, coco-nut fat and palm- 
nut fiit are^nven behvv. 



N<i of c.c. of N. KUO rci], 
10 


for "i of ilic f.it. 

Butter fat .... . 


Coco-’jiU fat . . * . 

15 -JO 

Palni-nul fat 

l*0-tJ» 

Mo.st other oils and fats 

not more than ^'5 


As em[)hasised in the description of the»process, (p. 
it is absolutely necessary to fojlow the same pro'cediire in aH 
cases, otherwise the results will be (piite conflictiii^^ 

Rate of Di^lillation of the I \)lafilc Aeidti. -\L Duclaux In 
an elaborate iju esti^ation on the volatile acid.s (^wine showed 
that the rate of djsjtillation of.each volatile acid was character- 
istic. That is to say, no matter what the concentration of the 
acid may be, the amount found, in the/Jistillfite at* any j^iven 
moment was always a ’constant (juaptity of the total ^ac'^1 
present, and that the rate of distillatibn remained the same 
even in mixtures, so that, j)rovided the two acids were known, 
the percentaiqe composftion of the lAixture coulrl thus'be de- 
termined. Of course the rate of distillation will vary with the 
barometric pressure, but ^for. tht sal^e oj simjjiicity the ex- 
periments are performed at the ordinary pressur(?. TJuclaux 
took lie c.c. of the liquids and drstilled it >0 c.c. in fractions 
of ig c.c., titrated each fraction se{)arately an/l then calculated 
the^ proportion of acid in each fracJ:i^i>*(A; on tl^i total acid 
distilled and. {}^'f on the total acid^ in .the’ distillatio*^ flask. 
The* followinf^ figures will illustrate this : — 
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t: 

Formic Acid. 

* *1 
c 

Acetic Acid. 

Butyric i^cid. 

f' « • . 

Caproic Acid. 

Caprylic Acid. 


A. 

H. 

A. 

H. 


»B. 

B. 

B. 

1. 


3-5 

rT'^ 

5 ‘5 

1 6*8 

rft-i 

.33 '5 

. 55 '5 

2. 

ji-g 


K|7 

11*2 

309 

3rn 

56-„ 

78-0 



irS 

227 

r6*g 

45-4 

44'3* 

, 75’5 

gi'o 

'!* 

2 $ 7 

i6'3 

31-2 

'A37 

577 

56* 1 

86-0 

93 ‘0 

5- 

34 'o 

21-6 

,\ 0‘2 

30-6 

,979 

(j/iyz 

92-5 • 

95*0 

6. 

43‘i 

-'7'3 

*49‘9 

327 

77-2 

75-3 

9f>'5 

9b -8 

7 . 

.53 I 

337 

6()‘2 

45;« 

85-0 

S2'9 

‘ 97'5 

• 97^ 

H. 

6s-2 

40a 

5<'-) 

717 

57'7 

91-4 

89-2 

9H-4 

99*0 

y. 

79 •« 

«5-3 

!)4-S 

96-4 

94-0 

99*3 

99*5 

I 10. 

1 

lOO’O 

fi3'5 


75 '9 

lOO'O 

97 '5 

roo'o 

100*0 

** 1 


V. Jl wi]Nbe seen that the rate of distillation* increases with 


the ijiot^cular weight. 

Thti accuracy of the process may b*e imaged by comparing 
the figures ot)tained *by the reviser and another, given below, 
with those of Duclaux. acid. i. contained 3*5 c.c. 

strong acid ‘in 500 c.c. ; 2. contained 2-5 c.a in 500 c.c. ; 3. 
2 ’5 c.c. glacial^acid in 500 c.c. ; the others cont?iincd the speci- 
fied percentages.* As 1 10 c.c. is a small amount to distil, in 
numbers'!, 2 and 3, 275 c.c. were takeA'and 25 c.c. col- 
lected at \\ tiini;, in the other ca.ses 165 c.c. were taken and 
15 c.c. collected in 6ttch fra’ction. Only the A figures are 
giveft : — 


Acclic 

Acid. 

1 • 

1' - 

2. 

. 5 - 

r o-i 

Per Cent. 

Per Cent. 

Per Cent. 

5 

Per Cent. 

10 

Per Cent. 

T. 

! * 7*9 

•7*8 

7*5 

. b-is 

. 7 *f )2 

7-56 

7 * 9 T 

7-90 

- 2. 

1 ^ 

15*8 

. ^ 5*3 

? 1.V4I) . 

15*77 

‘ 5 -64 

i6*ri 

16 **26 

3 * 

23*8 

24 ’() 

23 ’2 

21*83 

24-29 

24*02 

24*62 

■24*87 

4 - 

3'^*4 

\32 7 

4 31*2 

3(4 80 

33-02 

32*72 

33-41 

33'73 

5 - 

406 , 

42*0 

40*9 

40*03 

42*04 

41*96 

42*71 

43*00 

6. 

I 51*3 

514 i 

50*7 

. 50 * 3 1 ! 

51-54 

51*50 ! 

5-^-3 1 ’ 

5 ' 2 * 7 o 

7 ^ 

1 9 t*(i , 

bT*7 . 

6 1 •() 

, 6 o *79 ; 

61 *74 

61*74 i 

62*55 1 

6!!*87 

8. 

I 72 '«,' 

72*8 : 

75*2 

•72-39 ; 

72*83 

72*84 j 

73-46 i 

73 '^3 

9 - 

1 . ^ 5 ’3 i 

^^ 5*3 *1 

847 

: 85*04 , 

85*16 

85 "L-^ 1 

85*72 ; 

85-91 

10. 

! \00'0 1 

! • ! 

roo'o , 

1 00*0 

.100*00 ; 

100*00 

100*00 1 

l\)0*()0 ■ 

100*00 

C 
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Formic 

Acid. 


1 

01 I’er Cent.^ 

* » • 

ru Per Cenv 

^0 Per Cent.* 

r. 

- 

6-5 

57 

573 

*.vr, 



• 5^67 

.». 


u -3 

11*92 

A '55 . 

11*87 

3. 

i8-8 

i 8 -i 

i «74 • 

19*'22 

18*56 

4 - 

'A 57 

’257 

■26* 1 1 

• 26*53 


5 - 

337 • 

33-5 , 

1 3yv 

,u-fv 

1 33-79 

6. i 

42-1 

427 

; 43-17 

4.*.*’43 

i 42-47 

7 - • 

5?-2 

|2'6 

33-73 

53-44 

: 51-88 

8 . 1 

63 ‘9 

^7 : 

65-97 * 

64-97 

i 62*77 

9. 1 

787 

79*4 I 

81*17 

79-45 ' 

77*01 

10. I 


100*0 ^ 

100*00 

< lOO'tH) 

' 100*00 


This [*r«ccss should form a very excellent one /or buttpr 

and margarine if properly worked out, and some atteii^ion has 

recently been given to* the subject. Some tentative <«;cperi- 

ments by the reviser in this connection iiviy not be devoid *of 

interest. 50 grams of the fat.were saponifie(l witli 15 grams 

of KHO and aicohol. After evaporation of the alcohol, 8 

grams of sulphuric acid in water were ’ndcled, the insoluble 

fatty acids separated and washed and the filtdite*and washings 

made* up to 500 c*.e. 275 c.c* were distilled and thctdistillate 

collected in fractions of 25 c.c., each being titrated with 

N , * . 

NaHO and the acid dn each fraction calculated to ,a ])er- 

centiige of the whole* distilled, two expyrimejits in each case : — 

Butter. Neutr.'il.CoLO-mil l at. 1‘alnMiut I at. 



I. 


. '^* 



2. 

I. 

25-9 

2-2*4 

42*4 

42-8 

. 28*6 

» 3 -*-2 

2. 

43-4 

40*8 

; 67*4 

^ 67*2 

. 4 ' 8-2 ^ 

49-9 

3 - 

57-7 

56- r 

1 8i’o 

8 o*2 

i • 6o*8 • 

63-8 

4 - 

69*6 

68*5 

I 88*0 

87*2 

69*2 

7J-5 

5 - 

79*0 

78-3 

92*7 

91*6 

75-5 

77*0 

6. 

86*4 

86 'vi 

; 95-2 

94 ^ 4 . 

81 *1 

8 t*2 j 

7 - 

92*0 

92*0 

96*5 

Vro 

86*0 

• 85-4 i 

8. 

,96*0* 

96*0 

98*1 

97 9 . 

. ; *90-9 

89*6, 1 

9 - 

98-5 

9 * 8-5 

100*0 

ibo'u 

95-1 

93-8 

10. 

100*0 

I(X )*0 

— 

— • 

; 100*0 

I 0 o*o 1 
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The distillation.^ are difficult towards the end owing to the 
bumping occurs, ^tlvV'ejcplains^ why those of coco-nut 

fat were sto[)ped aljter the nintU fral:tion had {)assed over.^ 

It may also le of interest to note that Kl.sdon found 
**by HaJ[er’s method jjfracftonal distillafiobi of the methyl esters 
in palm-l'iernel , fat : ca[)r(,M‘(^ aci^l^ 2, ca()rylic« 5, capric 6, 
•lauric 55, myristic 12, palmitic 9, stearic 7, and toleic 4 per 
cent.; and in (:oco-nut fat: capr<.)ic 2, caprylicip, capric 10, 
lauric 45, myristic 20, palmitic 7, stearic 5, an^l oleic 2 per 
cent, rhese figures may be comjjared with tlu^.se'of biflter 
fat given on jj. i o> ' ^ * 

ih'hut'r I'dliif , — ibis test *is de.scribed on i)age 29(S. 
Ikitt'er.contains from 85 to 90 per cent.»of insitiuble fatty acids, 
while laWow and most (.)ther fats contain 95 to 96 }.)er cent. 
* Coco-nut fat* yields 88-6 |p 90-5 per cent, of insoluble 
fatty acids, and palm-nut oil about 91 per c^ait. It must be 
remembered, howLvuf, in this connection that nny unsaponifi- 
able matter t:oiUained in the original fat is se[)arated and 
cstiinatec^ along with the inso'lul/le acids. • • 

8. Kotstorfer's Sapofiijicalion Test. — I'his is described on 
page 2(^7, Genuino. butteis re(|uire for i gram of fat 
2.^3 milligrams of caustic pi^tash (KliO) for congilete 
.saponification. Most other oils and fats* ab.sorb from K^o to 
198 pgr cent, with the e.xception of coco-nut and palm-nut 
oils, vyhich require 242 to 2t)(). per cent. 

TreserviUii'es in Tntter . — For the puiqiose of preventing 
butter becoming rai\,dd 4oo quicklyY preservati\ e agents have 
been adefed. The ‘most common are borax and boracic acid ; 

fc . . • ’ 

sulphites and nitrates have al.so been used, also salicylic acid, 
salicylates, and benzoic acid. Formalin (formic aldehyde) has 
been used to a small *exti*nt. Borax and boric acid may*be 
detectt^Jl by melting the .butter and allowing the saline and 

* . « 

• For further particulars on Duclaux’s method, sec Winter, Blyth. Foods, 

C\)mposifion and Analysis, i.SSi,'. 
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aqueous matters to settle out. A pieai of turmeric pa’^^r 
dip[)ecl in the aqueous liquid, xtiJl tlirn red \f bgmcic acid 
be present, while borax is^ shown* by adcWip^ a little Jiydro- 
chloric acid before dipping in the turmeric^ pa])er, which will^ 
then turn red. T\vi a*mount of boron j)reservative»*is esti-* 
mated by a itiodification (%f TlKijiV'On’s process, as revised b\' 
Riclunond find Harrij^m. A weii^hed cpiantity of butter pabouf 
25 ^nams) is placed in a stop[)ered cylinder, suftlcient water is 
added to mal-^i the total water 25 c.c. and then 10 to i 5 c.c. of 
chlfTroform. The whole is shaken and then allmved to settle. 
A measurft 4 portion of the aqueous li(|uid is run pff into, a 
platinum dish, rendered filkaline with a little soda, then 
evaporated and r^nited? The residue is dissolved in *^5 c.c. 
of hot water, rendered kiintly acid with ^liluCe sulphuric acid 
usin^ methyl oraiu^e as indic;i.V)r, it is iheiTboiltjd for a few 
seconds to ex|)el,carbonic acid, neutralised to a kiint oran^^e 
with a weak solution of caustic soda, then c.c. of ^qlycerine 
and i)henol-phthalein are added and the solirtion titrated to a 
pink' tint with . N'aHO.* \ c.c. of this solutio.* - '(^062 
^^ram of HjjBO;;. .Sulphites can be detected by^ sulphur dioxide 
bcin<4 evolved on the addition* of adds. Nitrates by the 
ap[)lication of the dipVmylanhne hjsl. Formalin d^; 
teeth'd by Hehner’s^ test 4s modifhid by Richmond^ and 
Bosely. The butter ^is melted a^t a low heat and the 
lower aqueous layer run off, it js mixed with a few (frops of 
milk and a drop of a weak solution of ferric cjdoridii* and is 
then carefully poured upoii thb.surfaccf of sDine stron^^ sulphujj^ 

acid contained in a test tube, when if formaliti be present a 

• • • 

violet-blue ring will be formerl at the junction of the two 
liquids. ^ 

"Salicylic acid is readily detected by shakings the butter 
with a little 'alcoliol and a few drops^(ff a weak solii1;ion of 
ferrlt chloride, the liquid which separates being of a violet tint, 
if salicylic acid 4s pre.sent. 



122 


.ANIMAL FAT^S AND OILS. 


^ Benzoic acid a,nd benzoates may be extracted by the 
method oV Fi?«:her and Gritqn(j;st : 150 ^rms. of the butter is 
melted and shaken^with a i pe;- cdnt. solution of bicarbonate 
of soda ; the aque\»uis solution is run off, neutralized by the 
‘addition of 'dilute sulphtiric acid, aifd ^a few drops each of 
solutions 'of copper sulphat^i ^and c^austic soda are added, the 
<Iiquid is then sli^^htly acidifi(^d and filtered. Th|* filtrijte is 
shaken up wi^h ether in*a separator and the aqueous liquid 
run away, the ether bein|^ washed two or thr^e times with 
water, "ihe ethereal solution is dried over calcium chloiide 
and distilled at a low temperature, leavin<^ the beqzoic acid in 
a cr^st^^ine condition. Ihc benzoic acid can be recognised 
by dissolving in ammonia, boiling off .the e>A:ess of ammonia, 
aiv.l theiL testings with a drop of FeXl,; solution, which, after 
boiling, yields a* red precipitate. In the absence of salicylic 
acid it mayiilso be detected by oxidising it tf^) salicylic acid by 
adding hydrogen per^/xide, ferrous sulphate, aiul ferric chloride, 
when a violet 'colour will be produced (Jonescu and Fleury). 

Fluorides are also used to some exteqt as preservatives 
for butter and margarine; they are detected by melting 50 or 
loogrms. V)f the mat'crial, separating the water, evaporating 
tin's fo dryness. After* addition of a* little caustic soda, the 
residue is then brought’ mto a platinum crucible, treated with 
strong ;>ulphuric acid and covered with a watch glass protected 
with coating of parafffn wax whiefi has a design marked 
through the wax .so as to leave some of the glass uncoated. 
In a few hours, if fl^^orides are present, the glass will be dis- 
tinctly etched. 

Boric aci^ an^ bora.x are the chief t)reservatives used^ 
and according to. a Government [.aboratory Report, 53 5 per 
cent, of the. Canadian* Butters, 93-8 per cent, of the French, 
93*6 ptiv cent of the Belgian, 83 3 per cent\»f tke Australian, 
^84-4 per (?ent of the ^outh if\merican, and 79’5 per cent, of 
the New Zealand butters examined in these laboratories con- 
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tained boron preservatives ; also of 364, samples of buttyr 

(both home and forei^i) ex*amiije<d,^o^^ were foufid tb contain 

boron preservatives, and of'*i3^ sanjples of jnarL^arine 99 were 

similarly preserved. The amounts variedi from 18 to 65 

grains per lb. in bi;ttir, and 7 t(S 73 grains* per ^Jb. in* 

margarine.’ , 

Mjcroscii^ic Exa})ii nation of l\uttei\ — If a small portion of* 

butter be placed on a micro.scope slide and a cpver glass be 

placed over it^and pressed down so that it forms a slightl)' 

wed^e-shaped film, being rather thicker at one side ^han the 

other, on elimination of*the sample under a ,Uh in. objective, 

using the polariscope and a selenite plate, it will be.p'ioled, 

with a selenite p)latc giving alternately a green and ,a red 

field, that with pure butter the field will^be MniformJy grevn 

and red as the polariscope is reyolved, but with an* adulleratect 

sample or with nyargarine the fi(*ld will be mottled /^reen, blue, 

and red in patches, especially in the thickf;r |.f;irt of the sample. 

This is due to the fact that butter, not having bhen melted, is 

a homogeneous faj:* whereas nxir^arine, which has beep melted, 

contains crystals, of different composition to the bulk, which 

affect the polarised light. Of course, if.^butter be melted and 

allowed to cool it will Also show the.. same play of crtl^urT, 

• » ^ 
ther(jfore in such a* case the test v^'ould be of no value. 

Rancid butters akso sometimes show a slight n;iottled 

' I . 

appearance. 

G/ii or Ghee. — -In India the butter from covvs’ or l^uffalos' 

milk is heated for about .12* hours over pi fire until all the 

• ^ 
water has evaporated and the casein and salt have settled to 

the bottom. After the fat has cooled .somewhat it is poured 
by decantation into an earthenware ve.s.sel in v/hich it is stored 
for*.some time before being used. »(jh1 is regarded by the 
natives as a very Valuable product ai^d i.s esteemed as great 

^*Report of the Departmental Committee on the Use of Preservatives and* 
Colouring Matters iv^Food, Cd. 883, 1909. 
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Iii^'.ury. It is oftenikept for periods ; in fact, it is affirmerl 
that j^^hi fpo years old 6r t^»^fct\rpore is dot at all uncommon. 
In tin; yj^ar 1672 Keyer records*tluft he was shown some tanks 
of blitter 400 yeai^s old, and that it was black and stinking.^ 
* I’herens a considerable amount of “(Jhi” produced in India 
and a flourishini^ trade exii^tj^ betwjr*en the differtnt states and 
‘also with contiguous countries but none/)f it comef to Eyrope. 
The [irice in india is Rs. i <S to Rs. i 14. 

Three samples of ^dii, two from buffalos’ ^lilk and one 
fri^an cows’ milk, were forwarded to the Imperial Institute* by 
ttje Director-General of Commercial Intelligence iv* 1908, anrl 
theiV examination yielded the folkUving results; — 


(ihi from Cihi from Hullalos’ 

I’lirc Cows’ Milk. Milk. 

I’ure. Ordinary. 


Moisture . 

. * 2 ’O 

0-4 

o’5 

Curd .* . . . 

Constants of the Hit : 


0-0 

0-0 

Spccilic gravity at C 

0-864 

0-866 

0-864 

Acid^nuniher 

‘7 •24 

V'th 

ll-I 

Saponification number . 

222 

226 

224 

lodinchuiinbe? . . 

• « 


35-'> 

Solidifyinj; point . 

■ t;. 

2(j-4 ’ C. 

26-1' C. 

' Reichert- Meissl numl)yr 

24 ' 

31 

!• 

2g 

S 

TIF/CIAI, HUTI'KR, 

OLKO.MARtiARIM-;. KT 

(kJ: 


« / • 

F \ j 'ri' K K , M A R( i A R I N H L '{T I'. R , ( ) L F.O M A R( 'r A R I N 1<: , S 1 ‘ A R- 

HU'ITKR)., 

Hy t«he« above, and similar ‘designations is understood an 
artificial |)ro»luct «obtained» from constituents of beef tallow, 
prepared b\' special processes and worked up with milk and 
vegetable oils to a. substance greatly resembling, or Qven 
identici^l with, natural butter in appearance;, consistency and 
flavour. 


Sir Cieorge Watt, Tliv Commercial Products of I ndi<^, 190S, p. 478. 
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I'he manufacture of artificial butter is ,'i fairly simple pro- 
cess, but nevertheless* entails ^tl]e j^^eitise of in*»tlli^^ence and 
care in order to fulfil all liie /eqiurement}^ imposed. A few 
of the methods in use are j^iven belowy>the reader bein*^' 
referred fi.)r fuller ioformation to f.anq’s work' on K'loist-' 
(3rd edition, 1895). » 

^Jar^![aKIHc Ma)i ^{failure iji France. — Margarine w'as, 
originally made in I"' ranee by Mci^e’ Mouries in 1S70 as the 
result of a c;,)mpetition for a prize offered by the French 
Government in 1869 for the piaxluction of a suitable substitute 
for butter, which at the time of the Franco-Prussian war had 
bec(UTie very scarce. The* method of makini; this 'afthlcial 
butter devised by Me<;e Mouric's was to heal fresh biuM fat, 
especially the kidney fat, with a solution of carbonate of soda 
to'^ether with a small cjuaiftity of the stomach of the pi^ or 
sheep. The pepsin contained in the latter ejij^ested the 
membranous matter, liberating the fat, .which was skimmed 
off, warmed with a solution of common salt to ])reserve it. 
The fat was then4:<x)led to 22 ’C. an<l {pressed between warm 
plates when a .soft fat e.xuded, to which the name “oleo- 
margarine” was applied. .Subset|uently the j)rbcess was 
im])roved by churning the soft fat with 10 ])er cent. c;f milk 
andpO’q [)er cent, of macerated cow’s udder until a perfect 
emulsion was formed. This produce contained about 
12} per cent, of water and hjid a melting-point of 17^ to 
20'’ C. 

Villon describes the pu^ccss as fol’ows : 

The first operation consists in the separation of the so- 
called premier jus from the suet ty melting at 38" C. The 
solid beef fat is formed into pals, about 8 m. long by 7 in. 
wide and 4 in. thick, wrapped in hnen cloths, and weighing 
some 2I lb. (i kilo) each. Two hundred of these pats are 
placed in a hydraulic press by placing on the l9wer plate 
(covered with a^canvas cloth warmed to about 50 C.) a layer 
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oS 5 pilts, these hein^^ covered with another cloth also warmed 
to 50' C. un(I*'sm-mountl‘drirf turn by ^ 'second set of 5 pats, 
and sp until th» whole 200 jw'e in position. The operations 
must be perfornieN cjuickly, so that the cloths hate not time 
to becfime cold. I'Jie separation of tfie oleomargarine begins 
without pressing,^ owing to*tlre profisure of the tloths and to 
'the warmth {o which they ju'e exposegl, but as Soon ^ the 
flow is observed to flag, the press is set to work, very slowly 
at first, the pressure being afterwards raised rto 1 50 kilos 
lb.) and even to 175 kilos (3<S5 lb.). 

, The pressed beef stearin (s//// frasi') remains l>diind in the 
clotFis nijid is used lor making stearin and tallow candles. 
The «'leoinargarine or oleo oil thus* obtained is a yellow 
ci^cstalline mass resembling ordinary butter, it is mixed with 
milk and cptton-seed oil or ground-nut [arac’/i/s) oil for churn- 
ing. The proportions taken vary accordingi to the cjuality in 
view, but the following have been used: — 

, I. n. 

Olcotuuf'aritie . . . 800 fcilos 500 kti6s (of ^’2 lb.). 

Milti .... 500 litres 50a litres (of gall.). 

Cottons seed oil . . too kilos 50 kilos. 

.' he (juantity of oil is adjusted, according to the time of 
the year, 30-40 per c^mt. being used ni winter, whilst in 
summer the oil is occasionally omitted altogether. Sesame 
oil i.s,.sometimes used, the object of the oil, of whatever kind, 
being tp impact to the oleomargarine the suppleness of butter. 

, I'he oleomarganrne f.s melttjd at 45" C, and' the milk and 
oil are added^ at the same temperature, all being run into the 
chu’'.i.s through pipes from storage tanks several yards high, 
situated above the (wooden) churns. The materials are then 
thoroughly «incorporafed 'by means of dashers, the operation 
lasting*about two hours,, the dashers being stopped towards 
the end m order that the quality of the product ma}l be 
<letermincd. Ihe mixture is then allowed to run out of the 




Fig. 52, — Butter and chun.ing machine (W! Kivoir, OiTenbach-ani-Main). 


is kneaded to express the milk, and the mar<^arine 4hereby 
acquires the homogeneity rof butter. Th” appearance of tlg^ 
product is improved by passing it^in small portions through 
horizontal rotating fluted-roller machines, after which it is 
made up into i lb. (or J kilo) pats. This method is the one 
most frequently employed, but the churned mixture can also 
be cooled by ice water from the ice 7 making machine, though 
this plan is not advantageous, since, during the slight fermen- 
tation allowed to ensue before the mass is drained, the flavouf, 
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sni generis, of a ^ood margarine, is, iii this case, not at- 
tained. 'V ^ , 

To obtain really i^ood ni^r^irine the product must be 
allowed to set in small lumps, enclosing small quantities of 
1nilk, and on this account the wato. used must not be too 
cold. A good butter flavour is developed by i^JOcuIating the 
.margarine in the draining stage with a small cyiantit^ of a 



53. — Margarine worker (\V. ftivoir). 


ferment obtained from artificial fermentation-cultures from 
good’ butter. 

Heiiri GrAsso of Ider/.ogenbusch (Holland) designs and 
Supplies Mnargarinc factories fora diurnal production of 1-3 
tons of artificial butter. The entire plant consists of 

I. Steam-heated churns of 330-550 galls. (1500-250C 
litres) capacity; ^ * 

2 ., Roller workers with patent “ Salamr.nder” rollers, fill- 
ing sack, flap and truck ; 

3. Margarine oil attemperator and mixers; 
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• • * * 

4. Margarine melting, tanks with agithtors ; 

5. Butter driers or, mixii^«mift)liines ; ' 

6. Milk acidifiers, hol^in^ 50-I20 gall^i,, fitted with# heat- 
ing and codling arrangements ; 

7. Milk separatees ; 

8. PasteiJrising apparittus, st\eral cooleivs*for cream, skim 
milk end pasteurised milk; 

9. Milk heater holding 70-1 15 galls. ; 

TO. Churr^for natural butter or vegetable margarine; 

*11. Margarine oij puinps, worked by hand or power; 

12. Granulating sprays, with taps; 

13. Kneadin<^ tables ; * 

14. Mixing or blencfing machines ; 

15. Cooling drums ; 

The following particulars wlating to the maivifacture of 
margarine are tmken from a paper by W. Clayton in the 
Journal of the Society of Chemical hulusiry, 1917, p. 1205: 
The milk is pasteurised by heatinj^- for a few idinutes at 82" C., 
which destroys nrOst of the bacteria present; it is^hen run 
over a vertical cooler to the souring tanks, where it is innocu- 
lated with a specially ])repared (Ture culitire of lactic bacteria, 
this being known as the ‘i. starter,”. The temperature bf»th^ 
tank«is kept at the most .suitable poijrt for the developjnent 
of the bacteria which^ cause rapid^ curdling owing to the 
formation of lactic acid. The •fats are melted in larger oval 
jacketed, steam-heated vessels ami run into th« churi^. The 
churns are of two types, th§ ofek^T fornT beBi^g doubJe-j^cket^^« 
provided with two .sets of stirrers provided wy’th j:)§ddles which 
agitate the contents. The newer continuous electric churns 
are^ver)' efficient. The oil and milk ai;p now kdded and wjien 
emulsification is completed at a tremj^erature.of 25* 35” C. the 
mixture is run from a valve at the bottcun into a .slopmg*shoot 
whert it is met with a spray of ice-cold Water which impinges 
upon it with such force as not only to solidify it but to break 

9 
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it up into a number- of minute fra[(mcnts or “crystals”. In 
an alternative method 'dieoliar^j'arine from the churns is run 
on tojeyolvin^^ coolin^^ drumsrfrom which it is automatically 
removed by mcahs of a knife or “doctor”. The* “ crystals ” 
” or pa^tte is kept for a time in a “maturii'g” room in which the 
tem[)erature is kept at a definite point favourable' to the ^^rowth 
“of the organisms innoculated .hito the mjlk. The margarine is 
then kneaded to bring it into a homogeneous mass and to 
expel the excess of water, the legal limit of t^e latter being 
1 6 per cent. Ihe margarine is then blepded and mixed 'with 



Fi(i. 5.4.. -Buttci' mill with riiUctl rollers. 


salt, tT)louring matter, and preservative in a blending or knead 
ing p^achine and then placed in kegs or moulded into pats 
Preservatives,^ usually boric acid, arc almost universally cm 
nloyed, the amounknoUexceetlifig 0’5 per cent., with the objec 
of preventing further bacterial action, which would cau.se .sour 
ness or rancidity Phe constituents of margarine are various 
At first a blentUof oleo oil and cotton-seed oil was employed 
but the cheaper brAnrb of. margarine are now made Iron 
neuti'Al coco-nut fat -or pahn-kcrnel oil without any animal fat 
In the United States, in addition to cotton-seed oil, araciiis o 
earth-nut, soya bean, sesame, and more recently kapok, maize 
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and wheat oils have been employed. In* the better class^of 
margarines a srr\all pr(2portign*o%bufter is added, ^ut in this 
country, in order to comply with* the law, the amopnj must 
not exceed 10 per cent. 

Hydrogenised oils are now employed, in the manMfacture 
of margarine*, these beingtinade* from any c^ik — including fish 
oiIs-»-of ai^' degree (if consisteiicy, from that of lard to that of 
tallow, according to one of the metliods outlined on pp. 283- 
2(ji. These ’gardened oils arc white and usually (juite free from 
0(l()ur and are soigewh^at difficult to detect ; they usuajly, 
however, '(•:)ntain a traye of nickel, which can be (Jetected ^is 
described on p. 293. The amount of nickel putisel’it in 
hardened oils is now much smaller than it was original[>3 and 
the question is whether this amount is lilielyT;o prove injuri.fus 
if taken internally over a long#period. Much controversy has 
arisen over this*[)roblem, it having been affirmed and denieci 
that such small doses may be taken willvintpimity. It is said 
that 98 per cent, of the nickel thus in[fest*ed is (piickly 
eliminated. Tht* hydrogemfted oils are digested ir^the same 
wa) as ordinary fats, and from this point of view no objection 
could he taken to their use. 

Other materials are ailded t^ marj^arine in order tf) cau.l^ 
froriung and browning and thus simuVite butter ; among these 
substances may be i^entioiied bitter, dried milk powder, 
casein, egg yolk, lecithin, yeasi, malt extract, lactic ackl, and 
various proprietorial preparatioiis. 

The German and Aitstrk'in Marfjarine Acts ^specify 
manufacturers must use 10 per ceyt. of sesame oij in admixture 
with the other oils in order that the product may be readily dis- 
tinguished from butter. The Belgian^Act alj?o stipulates 3 per. 
cent, of sesame ojl and i '2 per cent. *of pbtatp starcHi, calculated 
on the weiglit of the fats, with the saipe* object. 

^Kaiser Butter . — According to a •communication issucci 
by H. & M. 4 ’ataky, patent agents of Berlin, it has bq^m 
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eftablished on the basis of scientific experiments that levulose 
and substances containing«thft .same,, when jncorporated with 
ediblq fiits by a « special 'procjcss, yield a preparation that, 
unlik^ other fats^ needs no admixture with bile to form an 
emulsion in the alimentary canal. edible fats liquefy, it 
is true, at the teiji[)erature*of the body, but thdir emulsifying 
capacity is dependent on their intermixture witff the biliary 
fluid in the iikestines, and since the amount of this fluid is in 
most persons comparatively small, the ordinary* edible fats are 
oiily to a small extent actually digested,,/.^., absorbed by the 
intestines, Of all the alimental fat^i hitherto k^own, good 



Fig. 55. — Mould^ij; machine for ijiargariiie (W. RivGir). 


frcsl\ butter is the easi^'st of digestion, owing to its sup?rioi 
capacity — in comparison^with the othi^M's— of emulsifying with 
relatively low proportions of bile. If, now, edible fats be 
incorpa*‘ated vrith levulose, they li(piefy in the human stomach 
^nd form emulsioiw v/kh watvf aV temperatures even below 
37° C., so thjit their digesyon is thus ensured. The process 
is carried out in such a manner that the fats, warmed to about 
70 °^C., are mixed with an addition of a solution of levulose at 
the same tCmperqture, thb mixture being rendered thoroughly 
intimitte by continudil, starring until cold, so that it emulsifies 
when shaken or otherwise agitated with water at temperatures 
f»*om about 14 “ C. upwards. Butter mixed with levulose (or 
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substances containing the same) by this i process is allowjjd 
to be sold as buttef in 6ern^fty^ aSul a pat^nt^lias been 
granted for the “Kaiser t)utter ” , prepare/i in this manner. 
In additioa to the properties already enuinerated, “ kaiser 
butter ” exhibits th^ Advantages of superior kavojy* and** 
keeping qualities. Consequently, the consunjption *of butter 
woulfl be increased, , and that ,of the butter substitutes at* 
present vended decreased, by the infroduction 0f this prepa- 
ration, the pri^'e of which is even lower than that of ordinary 
buTcer, 

PrepafatioJi of A! ijnehtal hats, accordiup; to jahr and Munz- 
berg. — According to the above-named inventors, easil;; 'diges- 
tible aliinental fa*ts maybe prepared by intimately mixi;ig fat, 
warmed to 70’ C., with a solution of levukxse at the same 
temperature, the liquids being stirred without* interruption 
until cold. Th^* mass thus obtained can be eipulsified by 
shaking or otherwise agitating it with v^ater r\t temperatures 
ranging from about 14' C. upwards. 

Filbert's Proe*tss. — J. H.« Fdbert’s process for 4)reparing 
alimental fats consists in the admixture of beef fat and cotton- 
seed oil, the former being gradually Ikjuefied at *the lowest 
possible temperature ancftjie oil added, •whereupon thg mijjtu’'** 
is vigorously stirred^nd bjeaten in or^er to reduce the size of 
the oil globules still further and brmg about their i^itimate 
incorporation. Simultaneously, air is blown throu^i the 
mixture, so that the finished product is light in^ colour and the 
particles of cotton-seed oil,anlJ^ minutic air.bubbles arc held in 
suspension in the solid fat. 

Winter s Method. — A. M. Winter took* out an American 
patent for the following mixtures as alimental fats (! ! !) : — 

* I. Fatty substances and refined -miiTeral oil *rryxed in such 
proportions as \v*ll produce a stiff njass.* 

*2. Refined mineral oil and animal Qpvegetable fats in [)ro- 
portions calculited to form a stiff ma.ss. 
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3. Refined mintkral oil, oleostearin, tallow and vegetable 
oil (cottofi-seb^l oil). 

4. ^Sixty per ce/at. of rofincd mineral oil and 40 per cent, 
of fatty substance^. 

5. I'fiixty per cent, of^ refined min6nd oil, 30 per cent, of 
animal and 10 j^er cent, of vegetable fat. 

' 6. Sixty per cent, of refiijed rnincrivl oil, [5 p:ir ceri,t. of 

oleostearin, 14^ [)er cent, of tallow and 10 per cent, of cotton- 
seed oil. 

Anal}sis. — The analysis of margarine is carried out exadtly 
as for butter, see p. I0(S. 

lh't,he analyses of margarines consisting of vegetable oils 
(coco-nut, palm-nut) admixed with butter it is* often somewhat 
di^cult to determine by means of the Reichcrt-Meissl or 
Hehner values vVhethcr the Ig^^al limit of 10 |)er cent, of 
butter has been overstepped. In such cast's the Tolenska 
number, that is,thc ai'nount of alkali required to neutralize the 
insoluble volat 11 c«acids, will be found of great service. This 
is. however, an empirical metlnxl, and ii^.order to obtain 
concordant results it is necessary to proceed always according 
to a uniform plan ; even the size of the distilling flask and the 
^Jier park's of the apparatus have haej. fo be standardised. For 
a full account of this (^.method see Le\\'kowitsch, Choi^kal 

TrehuoLwv and Analysis of Oils, Fats, and IVaxts, 191% 

, ' ' 1 ' 1 

Vol. Ul, [)p. 35 Vt Se’(/. 

La k I ) (Sc I ivW I-: i n i-: F*:-:r4-, S( ' 1 1 m a lz ). 

Kaw MatfCriaL^ — The f^tty portions of the hog, and es- 
pecially those l>'ing beneath the skin and between the intes- 
tines, the leaf, 'i’he (|U|dity of the fat varies with the part of 
the body fr(*Jm whence itSs derived; that from the exterior 
fatty iifte^ument of the, hog, surrounding the entire carcase of 
the animal immediately below the skin (especially on the back 
and sides), is more solid and curdy, though, atvthe same time, 
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more easily melted out than that from, the interior of the 
.body along the ribs* the* intestiiyes land kidneys,* which* is 
generally known under the flames of leaf, kun, 1<idney fat 
(Schmeer, Licsen, Lendenfett, Nierenfett, Ijilz). The ^)roper 
preparation and assortment of the n(w material (ftr pre’paring*^ 
the lard is v^ry important. January an'd February are the 
best montl-^, the fat being then more consistent than during^ 
the warmer seasons of the year. * Ap()arent|^" the colder 
season, as a result of increased respiration of the den.ser air, 
ha^ an influence in rendering the deposited fat poorer in 
liydrogen^gnd richer in darbon, the hydrogen, by reason »Pits 
greater affinity for oxygen, being the first to enter* into^coih- 
bination with the* latter.during respiration at low temperatures. 
Winter fat is accordingly richer in stearin, \^ihilst suinnler fat 
contains more olein. The method of feeding artd tlu? health 
of the animal also exert a not unimportant influence on the 
constitution of hog fat, so that soft and ^o'e^isy fat is also met 
with in winter. Pigs fed exclusively on aco^ns^ilways yield a 
scanewliat yellowi^sh fat. L<vd*in tlie greatest (juant^it)’ and of 
the best quality, both as regards consistency and appearance, 
is supplied by the inte.stinal f;vt of yojuig j/lgs, this fat con- 
sisting mainly of cell V'apsules enckvsing the pure f^it aiifj 
requiring to be broficn before the melthig ])roccss. 

Pvi'paratiim. — I.ard is prepared* in the same maifner as 
tallow, by carefully melting the raw material and separating 
it from the cellular tissue and other residual fleshy matter. 
The fatty substance inten^led fof me^fing^is freed as much as 
possible from all adherent pfeces of skiif, sine\t^.s find fl^sl* 
and then cut into small cubes wfth knive.< or fn the cutting 
machine, the material so prepared being rypeatedly washed 
\VTth water until the washings run.a\Vj»y clear Anc\ criloifrless^ 
after which* it •is transferred to the meFing pan. .This is 
generally of well-tinned copper, and is Jieated by •rJirect fire, 
though Steam-Jacketed enamelled iron or large stoneware 
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pans may be employed. The melting fat is constantly stirred 
with large wooden padrfles,.the Work being continued until 
the liquid'has become perfectly clear and all the water is 
evapoi'attd. The^ clear fat is then poured through straining 
,»:loths,' stretched on frames, into tht storage or transport 
vessels, 'and after being slightly cooled is stirrerj until it has 
become white aiiVl opaque, although still thickl}; fluid. If 

* ♦ f . 

the fat were aHowed to simply set" by itself, the contraction 
occurring in congelation would give rise to fissures in the 
mass, which would admit air to the interior and thus v.n~ 
fav*jurably influence the keeping (Quality. When, on the 
ofher^ hand, it is stirred until completely set, then so much air 
is stirred in that all cannot escape^ and vancidity is still 
furthel facilitateej. The stirring must therefore be discon- 
Unued at the* proper ‘time, whilst the fat is still soft enough 
to run togetlier without leaving iiny interstitial spaces. When 
this particular metjiod of cooling is not adopted a quantity of 
oily fat congregates on the surface and, being readily liable to 
alteration by rancidity, exerts ap unfavourable influence on 
the consistency of the subjacent mass. 

The residual* matters (fra,gments of tissue, greaves) left 
behind in the straining cloths and ’in the pan are heated 
again in the pan to a somewhat higher temperature and then 
pressed in a so-called grVaves-press, leaving the solid portions 
behind , as greaves. The Resulting fat Is generally somewhat 

colourkl and possessed of a peculiar roast smell. In the large 
hog-slaughtering establishments ,in America the fat is gener- 
ftny melted in apparatus similar to that described on pp. 43 
ct scq.^ and heated* by steaifi under pressure, the precautions 
necessary in the case of tallow melting being, however, dis- 
“pensed with, owing to.the^absence of any unpleasant smell. ^ 

The* greaves aVe used as an inferior food stuff' and fed to 
cattle, or, when obtained in large quantities, employed for^the 
manufacture of potassium, ferrocyanide. 
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Chemical and Physical Constants of Lord — The constants 
of lard vary very considerafely^ mcoc^'dii^g to the f)ortfon of the 
animal from whicli it is obAin^d aijd also tjic method of feed- 


ing the hogs, but the following 

numbers mr.^ be taken 

presen tative ^ * 

1 » 

,* 

Specific ^[ravity at 15 ' C. 

o;93i-o-g3.S 

Specific gravity at 40 ’ C. 

o’89H5 

Solidifying point ? 

V ,. 27-i°-'.>9-9'’ 

Melting-point 

. . . 3f>-4fV 

Eree acid .... 


Sponification number . 

ig 5 - 2 -ig 6 '£ 

Iodine number • . ,. 

49-9-70-4 

Refractive index at 40 ’ C. . 

• '•»55«o-40^o 

Hehner number . . a . 

. . gs-H 

Insoluble Falty Acids— 
Solidifying point . 

^ 34 % 2 " 

Melting-point 

• . » '35‘’-J4‘' ’ 

Iodine number . . . , 

, . . . 56-67 

. r4545-L455S. 

Refractive index at 40 ’ C. . 


The characters of American lard and v-si^<^ i{dly of Chinese 
lards differ very greatly from European lards, which is ascribed 
to the method of Gilding ; thue American and Chinese, hogs are 
fed largely upon maize, which renders the fat softer and more 
fluid, the iodine number being correspondingly higher. Thus 
European lards have iodi'ne numbers of 52 to 60*5, i\mertcap.» 
lards 59 to 70, and Chinese l^rds 5*'^ 5 nevertheless, a lard 

with iodine value of less than 50 of* over 68 should, be re- 
garded with suspicion and requiring very careful examination. 

Lard consists of olein, palmitin and stearin,^ and contains, 
according to Allen and Th^^m^ton,’ 0'23, per,cent. of unsaponifi- 
able matters. The olein content — as calculated from the 
iodine number of 59*0-— is 68 -q jicr cent. Braconnet states 
it as 62 per cent. Linolic acid, however, ,is also present. 
Tw^tchell has calculated that a lard .having acids with iodine 


value 62*57 contaVied : — . '• 

* I , 

* Linolic acid •.* . . 10 06 . 

Oleic acid 49 ‘39 

Solid acids (by diff.) ....... 40'55 
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I^rcl very {juickly, becomes rancid on exposure to air, and in 
that conc^tiori will absoVbp)[)pei; or lead* from coppered vessels 
or those coated fvith lead enamels, and thereby becomes 
poisonous. ^ To 11*st for these metals the fat is di-^^ested]with 
• acetic cjcid, and a part ot‘ the acid licjViQr treated with yellow 
])russiate of potash (potassium ferrt>cyanide). A brown color- 
•ation indicates co[)per, whilst lead is \jevealed by the ,white 
precipitate [)iVKluce(l by Vlilute sul[)huric acid in a second por- 
tion of the acid extract ^ 

Lard is soluble in 27 parts of absolute alcohol or 3 5 p*arts 
c/alcohol of sp. 0-9128, also in *ether, chlorofw'fm, carbon 
bisidphifle, hot benzine and warm petroleum spirit. When 
fresh,, it has a neutral or very faint acid reaction, and yields 
f.%1 saponification ayd subsecjuent decomposition of the pro- 
tluct 10-5 [)er cent, of ^lyceriny, and 95-6 percent of stearic, 
palmitic and oleic acids. Of this io6'i [)er Qmt., (y\ per cent, 
represents watj:r .*il)sf)rbed in the j)roduction of glycerine and 
acids. • • 

The colour of lard is white, granular aiulof salvy or pasty 
consistency, with an agreeable, rather sweet, fatty taste. It 
runs when held bet\\*een the* fingers, and on re-cooling after 
^neU^ing ;}ssumes a crystalline structjii're. It may be separated 
by pressure at o’C'. intp a liquid lard oiT (schmal/.()l, spq:kbl, 
huile do graisse), and a^solid portion, lard-stearin, the latter 
prodget finding employment for stiffening fluid lard. 

Adifjterati{))is. — One of the most common methods of falsi- 
^c ation is the incoi^)or»tion of *.m ^ixeess of water to increase 
the weight. ^The readiest means of detecting this is by care- 
fully melting a sample and leaving it to stand in a moderately 
warm place, whereupon the water will separate out. With 
traces of wnter the Urd remains turbid. For increasing ‘the 
weiglit* of the fat the following additions are used ; soda solu- 
tion, potash solution, and soda lye, all of which whitefl the 
fat ; also chalk, alum, clay, common salt and ^.arch. Further- 
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more, alum or lime is added to hVds already, mixed with wate^*, 

I per cent, of lime or per ceyt.' ©f alum beini^/abl)^ to mask 
the presence of 1 2 or 1 5 *pen cent, of water. Other fats, 
notably beef stearin, are also added, and in America adultera- 
tion with cotton-seed pii' was at one time practised on lar^e 
scale. <» , 

E.\amitHUion. — Thj.' method of detectim^ water has already'' 
been described. To identify chalk, clay oralumi^ioo grins, of 
the fat is melt^^d at 69 -70' C. along with the same amount, or 
hair as much again, of water, frequently stirred, and 'then set 
aside for a''fcw hours. Chalk or claVy if present, will subside; 
common salt (sodium chlorivle) will be revealed by tlVv w^hite 
precipitate produced in* the aqueous solution by acid , silver 
nitrate; alum, by the voluminous precipijtatc* with iMTimonkt 
and the white precipitate with harium chloride ; soda or potash' 
solution or lyes, bv the precipitates with calcium chloride ; and 
the last-named substances, in particular, by ’tlic .yellow colora- 
tion given with mercuric chloride. ' 

Admixtures o^Ksfarch and nical give a blue colora^^iion with 
iodine solution. Occasionally, beef fat is employed to falsify 
lard, and can be identified by iP/icroscopic examination (Bel- 
held test), since, whereas lavd crystallise:^ from an ethereal* splu*-' 
tion ,as rhomboidal lAmelhu with the pnds cut off obliquely, 
the crystals of beef fat are plume-shaped or curved likq an S. 
An idea of the relative proportions of the two constilpents 
can be obtained from the appearance of ^the crystals. 
(Figs. 56 to 61). ^ '• f) 

According to Schaedler, the manufacture of^lard for ali- 
mentary purposes, pursued on such a large scale in America, 
has, unfortunately, led to the shipment to Europe of enormous 
quantities of lard falsihed by the additiofi of other fats. It is 
only in quite’ recent times that this adjunctive adulteration 
industry has somewhat abated, as a re*iwlt of the operations 
of the Food and Drugs Act in this country and stringent 
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56. -~J,ard stearin, fourth crystallisation ^ lyociia. 



•Fk!, 57. —Be^i stearin, fourth crystallisation x 170 dia. 





Tio. 6i.— Hydrogenated fat x 50 dia. 
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regulations on the part of the .\merican authorities. Never- 
theless, a considerable)* amount i^j ilJtiU s%nt over, ^5artifcularly to 
Germany. * , , 

The detection of this form of adulteration necessitates a 
very searching investigation. The fat most frequently added 
to lard is refuted cotton-seed oil, with which is mixed suitable 
quali^ities (if beef fat or beef stearin to compensate its nuidit)'» 
and high iodine number. The use of other oi>s, in place of 
that from cott(;n-secd — that is, earth-nut, sesame, etc. — is natur- 
ally not precluded when the state of prices ])ermit. ' A num- 
ber of sinfple reagents have been pro[)osed for the detection 
of such additions, among them being al<*ohoHc silver^ nitrate 
solution (Pattinson test); Pure lard does not respond pj this 
test, but not lard that has been prepared^ even with „the moKt 
scrupulous precaution, on a small .scale, .Although some 
commercial bran.ds give a reaction with this test, one is not 
therefore justified in considering them as i,ecessarily adulter- 
ated, since very minute (juantities of extranectus substances 
an sufficient to [)*'oduce discoloration of the silver ni*^rate, and 
such quantities are often present in the commercial grades of 
lard. The same ap[)lies to molybdic a<;id solution, this test, 
also, being so delicate that the majonity of the commt/cial* 
(jualities of lard will not pa*>s it. It is performed as follows : 
Po I grin, of the suspected fat, dissolved in about 5 c.c. of 
chloroform, arc added 2 or 3 c.c. of a solution of pure sodium 
phospho-molybdate, and the whole shaken up. After a few 
minutes’ rest the two liquids’ will hac/e .separated again, and 
the reagent solution overlaying the chloiX)torm will be found 
coloured a more or less intense green to greenish-blue, accord- 
ing to the percentage of reducing substances in the lard. The 
saHie applies equally to the so-called Hirschsohn ireaction for 
detecting cotuon-seed oil, of which T is said to reveal down 
to 5^ per cent. To 5 grms. of the suspected fat are added 5 
or 6 drops of a .solution of i grm. of gold chloride in 200 
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gfms, of chlorofqfm, the r/ixturc being shaken up and 
iinmersed^inVjoiling twenty minutes. In presence 

of cotton-seed oil the liquid wiW appear rose-colour to red by 
reflected light an^ greenish by transmitted light. • 

Lecid acetate has also been recommended as a reagent, 
and is said to ^jj-oduce a more o^i less orange-ted coloration 
♦ when ammonia is added to*the agitated mi.xtur^ of acetate 
and meltefl Ikts. These* reactions are all, however, uncertain, 
and the only sure means of forming an accurate^decision is by 
a com[)r6hensive examination embracing,: — 

r. The microscopic appearance of the meltt^l and re- 
cry stxd Used fat ; 

2. /I'he inelting-[)oint ; 

3. The saponification value ; 

4. The melting- and setting-points of the fatty acids ; 

5. The. iodine number; 

6. The spe/:ifil:'gk'avity. 

‘ In conne(?ti(m with the iodine number of lard, it should 
be mentw)ned that it does not always enabK* an accurate con- 
clusion to be drawn, the reason for this being the variable 
proportion of olein ami linoliti present, the iodine number of 
^v^hichM's.|niich higher Hum that of tjie fat. Moreover, certain 
not unimportant deviatmns arc e.xhibited^n the lards obtained 
from various portions o^ ^he body of the hog. Thus Dietrich 
found lard from dripping to Ivive an iodine number of 47'5 to 
55 '3 that from bacon 6o'0. In individual instances, 
Jiowever, the iodine«nuifiber cmi' b» utilised in the determina- 
tion of lard. ^ 

Dr. A. (lusKc invesiigaied lard, particular regard being 
paid to the deteotion of tallow by crystallisation. The earlier 
experiments were j^erTormed on steam lard (American crude 
lard) alid the so-called ^nautral lard (the edible 15 rd) prepared 
therefrom* both of \vlikh can be readily examined for tcfllow 
by crystallisation. In the case of butchers’ Jard, other con- 
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ditions obtain, the crystals formintj herein exhibitin{:( marled 
differences compared vvitfi thy\.^^fro?n Ameriyjin^ ^ard. 
dissolving the fat in etfier*an*i allowing it /o re-crystal I ise, the 
crystals obtained in the absence of tallow* are lamellar with 
oblique ends, whcreasVvhen tallow*is present tfiey t^ke th(?* 
form of aggregations of small curved needlL\s^ The result of 
the ^rystaliisation is jn a measiye dependent on the tempera, 
ture prevailing and on the amount (ff fat in the/solution ; the 
smaller the (Quantity of fat and the higher the temperature 
tlfL better do the crystals come out. It is best to- tfrke not 
more tharj, i grm. of lard, allow the tube to cool slowly fii a 
beaker of water and to leiive it to stand at 1 2 -1 V CJ since 
if the solution He seUat lower temperatures (c.i,'., 4' and 
under), good and characteristic crystals cannot be .obtainc^l. 
With (dly lards — and in t[ie Rummer time 2 c.c?. ol lard ma^ 
be required — c.c. of ether is emplo)-ed and the test tube 
loosely ()luggcd with cotton wool. 

When the crystallisation has been satisfactorily performed, 
die crystals of jinre steam lanf appear under the n^icrosco[)e 
as large sharply-defined plates, often up to | mm. wide, their 
mass being here and there intarsj)erse(l with* aggPegations of 
long needles, though slijljt modificatious of this ordinary ^typ-^ 
ma^' occur. Lard eftntaiwing beef st(^arin crystallises in srnalT 

fascicles of needles starting from a Common centre, more or 

• * • • 

less curved, and in .sheaves 014 brushes (Fig. 5(S). l?titterly, 

oleomargarine has on occasion been employed as an adulterant, 
in which event the appearance of the gryskals as a whole differs 
from that presented in the case of lard ifiixed^^itfi pressed 
stearin. 

Butchers’ tallow shows a remarkable difference in crystal- 
line habit, in that no true lard stearin Icrtnelke can, be obtained 
therefrom, their pre.sence being at; most merely inriicated. 

‘‘ BiStchers’ tallow crystallises in needle^,’, which ar^ consider- 
ably longer thaji tallow needles, frequently felted or fascicular* 
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aijJ occasionally resting on i.a common stalk. Goske’s re- 
searches cii^o ‘^imed at elugda^ing the reason why American 
lard is richer in olejn than butchers lard, but failed to realise 
their object, although this has since been proved to be due to the 
‘ Vlifference in feeding, American hogs being fed largely on maize. 

On recry staUising beef fat from^ether several -times it loses 
rfts characteristic appearance, gradually a^ssuming the forpni of 
long thin plafes, like thosA‘ of lard but not so broad. On the 
other hand, the lard deposit after several crystallisations also 
forms thinner crystals, so that the two cannot be ois- 
tin^uished. In fact, the products approximate to each other, 
formiig^a palmito-distearin with n melting-point of 62° (see 
Figs. 0 and 57). 

%. W^ith. regard *10 Jhe detection of cotton oil in lard, Goske 
Abandoned tfle use of pho.sphormqlybdate, since this reagent 
is reduced iJy' any lard that is somewhat old, On the other 
hand, Becchi’s, reaction was found useful when [)erformed in 
the following manner, fat that was as much as three or four 
months old, and had been left exposed And had thereby 
acquired a repellent smell, exhibiting no reducing action. In 
cotton-seed oil the reducing power appears to diminish with 
‘/ige., fl'he reaction is performed in the manner recommended 
t)y the Italian Committ<,"je, the following solutions being qjsed 
separately : — 

(ij*l grin, of silver nitrate dissolved in 200 c.c. of 98 per 
cent, alcohol, 40 c.c. of ether and Od of nitric acid. 

(2) I 5 c.c. of colaa oiJ in loac.q of amyl alcohol. 

* Equa*! parts (5*c.c.) of fat and solution No. 2 with | c.c. 
of solution No. i ‘are heated for a quarter of an hour in a 
briskly boiling water bath. 

For observing the* reaction the test tube is held in front 
of a sJieet of white* paper. However, in doubtful cases, 
where no ‘decided brovv.n coloration is produced, one must not 
rest contented with the Becchi reaction aloner, 
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Jean's method of testiiig lar’^ and fattj^oils is based bg*h 

on the refractometer * t^st foj- ttlKi^ liquid fatt>i* ajffls of the 
product under examination aitd on. the determination of their 
saponification value. The liquid fiitt^ acids ^re isolated, from 
the total fatty acids by conversion into zyic soaps (by^agitat- 
ing thecarbofl bisulphide solution with zinc .oxide) and sub- 
sequeiitly decomposing the compound. Lard mixed with* 
vegetable oils can be recognised by *its bitty acitls producing 
a smaller deviation than - 30', the saponification value being 
at The same time bel^w 1^0-191. * 

The sik)joined figures were obtained by E. SiKith in Th^ 
examination of lard, beef tallow, and cotton-seed oil>-- 



Iodine 

Acclyl Acid 

Acetyl Saponi- 

Vcetyl 


Number. 

Number. 

lictyiDii V'aluc, , 

Number 

Lard, self run . 

5«7*5Q'« 

20T7-2o3'r 

207*2-2»)7'6 

4 '55-5':^ 

Older lard 

52'0.5^'4 • 

i98'g.i99-2 

204*3-205*2 


Alimentary lard 

03*8 

igd’o 

20J7 

97 

Beef tallow, self-ruii 

43*3 

1 96 '9- 1 99 ‘o* 

*»oi *8-204*7 

4'4-57 

Cotton-seed oil, fresh 

1 02 ‘6 

193*3- 1 90-2 

2i^*3-iti7*o 

20*0.20,’8 

,, ,, older 

997 

. 1930 

216*0 

23*0 

Mixture : 60 parts lard,*2o 

• 


• 


parts beef tallow and 20 





parts cotton seed oil 

62-0 

^90*6-192*1 

20(^*2-204^ 

10*4-12*2 


Dr. Mansfeld says, *\yith re^^ard to the examination of 
larcb; “ The difficultfcs in testing tht^ purity of lard reside, 
not merely in the manifold, and mosfly complex, metl^ods of 
falsification practised, but also in the great variations e3^ [sting 
in the figures reported in the literature of the subject 

In testing for vegetal^ e this the, Befchi and Welman's 
reactions are employed, but require a little ca^e, since the* 
reactions may be faintly manifested even by*pure lard. Clear 
filtration of the fat is particularly essential. Since, in the 
ca^e of complex adulterations, a fat ma/ give a ncymal ioSine 
number, these qualitative tests should beinvaricfbly performed. 
In sfleh instances a more detailed exa,n[»inatioYi of*the fatty 
acids affords mi*ch information. 
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The (luantitative calcularfon of the proportions in the 
mixture fsqce^jsitates thfe p^r^pjyation of the liquid fatty acids. 
For this purpose 5, j^rams (^f thofaf are saponified with 50 c.c. 
of approximately normal alcoholic potash, the. alcohol is 
cvapoo'Ated off and the soap dissolved ip hot water, the solu- 
tion neutralized by addition of dilpte acetic acid. A lo per 
«ccnt. solution of lead acetaty is then .plded untni no fyrther 
precipitate oC lead soap* takes place, and heat is applied if 
necessary until the lead soap adheres to^ethey,and clings to 
the five,!!. ' The litjuid is now drained off and the lead so'aps 
ar^ washed several times with warm water whicb‘ is cooled 
befori^ poured off. 150 c.c#. of ether are now added to 

the Iqad soafjs and the whole agitated frdm time to time 
imtil thoroughly disjntegrated. The ethereal solution is de- 
V:anted off fnrough a filter {vqAqr and the residue washed 
once or tvyjce with ether which is also jxissed through the 
filter. The splutbij is now run into a separating funnel 
and dilute hydrochloric acid added in small portions at a 
time, and the whole well shaken after ea/:h addition until 
finally no further precipitation of lead chloride takes place. 
After settling, The acid liquid is run off and the ethereal 
isolqtion^ is washed w,ith water unti’l free from acid. The 
ether is now dried vvi^h calcium chlorkle, filtered, and^the 
ether cjistilled off in a Current of coal gas. There remains in 
the fla'sk the liquid or unsaturated acids of the fat and on 
determining their iodine value the purity of the fat in the case 
of lard is establishf.d, the iodine pumber of the fatty acids 
being a fittfe^high^r than that of oleic acid. 

The following'figures wtre obtained for the iodine numbers 
of the liquid fatty acids from lard, etc. : — 


Pork fat,, ' . , * . . . . 93*8-95'6 per cent. 

Leaf lard ^ 85-4 88*0,. ,, 

Beef stearin . . . . 87-g-90‘9 ,, 

Olive oil . . f 8i*9-g3‘4 ,, 

Cotton-seed oil i33‘o-^A9'o .. 

Earth-nut oil . . , . . . 92-105*8 ,, 
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See also p. 304. A* process lififering somewhat from 
hitherto employed h/r the preparation of the letid Jtoaps, and 
one that is used in the laboraV)ry of the Paris lk)iirse, is ^iven 
below. 

About 10 ^rins. of •the solid fatty acids are (lissojved in*i 
100 c.c. of (Jther, and 3 grms. of zinc oxidc^ are aclded, the 
whftle beinf^ then wejl shaken uj) for some time: zinc soaps, 
are formed, of which the oleates ail' soluble i’l ether, d'he 
solution is thc^n filtered by the aid of an aspirator, the ether 

reflioved by distillation, and the residue mixed witJi 4it>n:.c. of 

• • 

hot dilutc^hydrochloric acid (i : 4\ Thereupon it is wasfied 
twice with hot water in a separating funnel, and filtyre'd and 
dried as describe*! abo%e. 

Pure lard gives the following figures:^ — . 

Iodine X uni her of the ()(eic\. leid . — About 92.* 

Ref rac to met e4' / nde.v. - -.t .|-4 5 . 

In the case of mixtures containin'* vw2getable oils, both 
sets of figures are considerably increased iy cf)nsec|uence .of 
the presence of luiolic And liwolbnic acids. (.See ])[).,! lO, 1.47 
and 148). 

Other tests which may be *ip|)liefl .are the I JMphen test 
and the nitric acid test.* ,Halphen takt'S i or 2 c.c. of ;nelted^i 
larc] in a test tube, jMds..an ecjiial voli^ihe of amyl alcohol, anri 
the same of a i per cent, solution Af sul{)hur in carj)on bi- 
sulj)hide. If cofton-seed oil is pre.sent, a crimson colfnir will 
be developed within half an hour on heating in the water 
bath. 

The nitric acid test consists in taking f or 2^(f.c. of meltecf 
lard and shaking vigorously witlf an equifl v^olume of nitric 
acid, specific gravity i’375, in presence of gotton-seed oiks, a 
chocolate brown coloration quickly develops. 

It must be remarked, however, that. in the purifidtition of 
cotlt)n-seed oil or on heating it to a, high ttmpetature, the 
constituents which yield the above reactions are more or less 
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d|stroyed, and the material thus treJted either does not 
res*pond oi' only responds feeol^ to*theso reactions. 

Sesame oil, which is sometinjes'used for adulterating lard, 
may be detected fey the Baudouin reaction. This, consists in 
f'shakiiig the'melted lard ‘with one or fwo c.c. of concentrated 
hydrochl6ric acid and a pinch of cane sugar, when in presence 
of sesame oil a pink colour is formed. In place of sugar, a few 
drops of a i j^cr cent. soKition of furfurol may be employed. 

Karth-nut oil is detected by the presence of^arachidic acid 
by tho><n/^thod recommended by Renard. The lard is sapcAii- 
fied with alkali, the fatty acids separated by hydrochloric acid 
beingvlissblved in alcohol and preci^jitated as lead salts by add- 
ing lead acetate. The lead salts soluble in etlier are separated 
by shaking with J:his liquid, and the insoluble lead salts de- 
domposed by acid. ' The solid /atty acids thus obtained are 
dissolved in*90 per cent, alcohol and set asicj[e to crystallise. 
The crystals which, ^semrate are washed with alcohol and their 
melting-point fde;termined. Arachidic acid has a melting- 
point of 7^4“ to 75 •5''. By takings weighed qiiantity of the fat 
and also weighing the arachidic acid an approximate idea of 
the proporlflon of earth-nut oil present can be formed. Earth- 
k4iut oi^itself was founds to yield abouf 5 per cent, of arachidic 
5 cid. 

Detection of Paraffm About 5 grams of the fat is 

saponified by heating with 1*5 grams 01 caustic potash and a 
little *alcohol, the alcohol is evaporated off and the soap 
dissolved* in warm ^vat^r. On -copling, the liquid will be 
turBid if f)artiffin w^x is present, otherwise, it is quite clear 
and transparent. 

On heating tlje liquid some of the wax rises to the surface 
in m'inute spherules which, on cooling, show a characteristic 
striated ‘surface. Paraffin, wax will be found in the unsaponi- 
fiable matter which will therefore be greater in amount than 
usual 
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Uses. — Medicinal* for ointments ; cosmetic: for pomades^ 
creams, etc. ; alimental purposed ^as (Edible fat, 'QIIcV for cook- 
iiP4 and frying : soaf)-maktng# 


Lard Oil.' 

By pressing lard at z^o C. lard oil, vvliich does not set 
even* at cotnparativeiy low teiriperatures, is obtained, leaving 
behind lard stearin, consisting of palmitin and Stearin. Lard 
oil is thinly ^iuid like olive oil, pale yellow, and still contains 
(according to the njethod used and care exercised hr fts {)re- 
paration)Very variable quantities of palmitin and steariiif on 
which account its specific ‘gravity and setting-point^fli’ctuate 
considerably, tomnlercial lard oils have the followijig con- 
stants : — 

Specific gravity at 15" C. * .♦ . . . . ^ o'giO 

SaponificaticJli number i^9'9'i9.V<> 

Iodine number . ()7 o-88‘o 

Refractive index at 40" ^ t‘453i 

The free acid isitsually very, small. 


'Lhe constants of lard stearin are as follo^vs 


Specific gravity at 35" C. 
Melting-point . . ^ 

Saponification nuijibcr. 
Iodine number . 
Refractive index^t 4f^'^ 


•9031 

T94’5-T95‘5 

44 ' 24 - 54'3 

t-4576-i-h5«4 


This oil finds employment *as an edible oil and for lubri- 
cating purposes, as well ^as .extensive u^e for woof-softening, 
replacing olive oil and spermaceti owing to itf Ictwer fjricS, 
and being also used in Francef Englanc^, ancl America for 
adulterating these oils. The solid portion Jeft behind in the 
hydraulic press forms a very suitable material for candlb- 
making, and a^ lard stearin is used f^r .s'tiifening fkfid lards 
coming (like lard oil) principally from, America (•Cincinnati), 
it finds a market in England, h'rance, and Germany. 
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Bkef Marrow. 

Raiv lai^^e Jiollow holies of the ox contain 

a fat or marrow wjiich is ijimihir fo tallow, and is indebted 
for its characteristic taste to the cellular tissues whkh accom- 
•fiany it.^ 

me Oones are (yiened, />., sjliit or sav\ n, 
)yhilst still fresh, the marrow^ from old t)Ofies has fio especial 
value, and is i^hen only classed as bone fat. It is carefully 
melted, separated from the cell tissue by straininy^, and stored 
in a sute'blo manner. 

“’onstants of beef marrow : — 


Spxi^k f'ravily at 15 ' 0-93 1 r-o-QjS 

Soljdifyiiij' point ' . ’ 

Mfclting-point ^ 37 *45 ' 

Acid nunihtjr . . / o 

Saponification numhci . . . . . r95'S-igc/f) 

Iodine number r 39‘2-55‘4 

Refractive index 


— For ‘alimentary purposes; as 


an addition to soups, 


which it .'V;ren[;thens ; in cosmetic's : for [)omrtdes, ointments. 


etc. 


• n.— USFI) lNdNl)UsrRI.A//pRO(:KSSKS. 

<■ . • 

r 

T.y.i:t)W, Bkkk T.m.lvw (Tai.g, Rindstal(;, Ociiskn- 
; TAi.t;,' U ns('iii,itt> ' 

Raw Material . — The hit of ruminating animals (oxen, 
cows, steers, calves), ^whigh is enckc^d in the cellular tissue 
and ks stiM tommingled with particles of skin or blood in 
lart^^er or smaller qu^antities. ‘ As soon as the beast has been 
slaughtered, flayed and cut up, the fat is sorted into crude 
prime ‘(Rohkern) and crude cuttings (Rohausschnitt). The 
former, tiie kidney fat, comprises the greater coherent fat 
masses whidi arc desig.tiated, according to their position in fhe 
body, as intestinal fat, heart fat, lung fat, neck Tat, purse fat 
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(from the scrotum), and Sidney fat, and is almost pure fatf free 
from particles of blood <ind flesh. ' ^ 

To the secoiurcatej^dry •oeJ:)ng tfie waste fats, copiously 
interspersed \yith portions of blood aiid sl<in,*from the litnbs, 
etc. These crude cuttings come into the melter’s hands'in a 
comparatively ^resh state, whereas the waste pieces se^)aratcd 
from 'the me«t in trinmiing are collected slowly and some- 
times have commenced to putrily, o-^ving to ihp length of 
time they have^ieeii saved up to make a respectable (juantit)’ 
for -^lelivery to the melter. If only a little more Mere 
taken in stoxing the fa*t, b^ hanging the pieces up to cool aad 
dry se[)arately instead of throwing them into a hea^) whilst 
still warm, the vtay ra[)id putrefaction of the particles of 
blood, flesh and cellular tissue would be preYented and* the, 
fat-melting [)rocess no longer attended with such •malodorous 
exhalations. 

Also in the tallow-melting w<;rks, lyrgp parcels which 
cannot be worked up at once could be ])reserYe(V by suitabl<^* 
cold storage and .'ifilting, to ppst^)one if even for a few days, 
tlu; decomposition of the nitrogenous matters. For the f)re- 
servation of crude tallow destined for alimeiTtary •purpcjses, 
Schaedler [proposes the hallowing methorl : The fat is pjaced 
in vajs containing wa^r and 3 to*. 4 pei^cent. of le\'en and is 
there left, the leven undergoing contimial decomi)osition* fhid 
thereby protecting file Ifat from atmospheric oxygen.* The 
acids — acetic and lactic acid — formed dissolve the ainmal 
membrane and expose the ^at,. so that.the, residue left* behind 
in the ensuing process of melting is but small. IHieTesidffal 
water must be treated like manure fteap drairtings* 

Preparhig the Tallow. — l^y melting the crude tallow 
and* pressing the residual cellular tis!?ue, particles of flesh, ' 
etc. 

hftr the rational utilization of the crmle tallow it* must be 
reduced to small, pieces, because the fat is not merely mixed 
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with* tissue but also enclosed in cell capsules ; by this treat- 
*flient tUe capsufcs af-e ru|?ture(f and* the outflow of the faf 
facilitate*!. The commmutioij — \vhich is ’mostly into small 
cub^s — is effect^id either on wooden blocks with a straight- 
edgM ch(^pper or in a* kind of stam^)ing trough with a pestle 
or pounder having an S-shaped cutting edge, an arrangement 
such as is^ sometimes used for cutting up roote for ^fodder. 
Another fc^in is a knife worked on a hinge with one hand, 
whilst the fat is laid on the block with the other. In England 
edg«iH,i:jnpiers are used for crushing and breaking dowrf the 
oidlular tissue. Fat cutters with rotating knives,(sec Figs. 3 
"and* 4)* are also suited for performing the operation by 
macliinery. 

'^hree different methods are pursued in melting out the 
fat : — 

I. I'he ordinary melting in an open pjjn over direct fire 
(the so-called gr^jves method or dry rendering) ; 

3. Meltiwg .with dilute sulphuric acid over direct fire (wet 
rendering) ; 

3. Melting by steam or in a closed apparatus of some 
kind. • • ^ , 

/ys in the case of .other factories," tallow-melting works are 
subject \o certain oftkial sanitary regulations, which fither 
prohibit the work beiiFg carried on in inhabited districts or 
permi it only under restrictions chfefly* concerned with the 
suppVession of the insupportable exhalations attendant on this 
industry. Melting ovyr direct, fir^ is now confined to small 
wftrks, larger factories employing only the methods specified 
under 2 ancf 3. 

, I. Meltixig'in Open Pans over Direct Fire {Rendering). % 

In* this, tlje oldest method of all, a shSet-kon or copper 
pan is set im brickwork so that the flame impinges cAi the 
bottom only, since otherwise the fatty mass v\.ould become too 



RAW MATERIALS, PREPARATION, PROPERTIES , AND U 4 rlES. I 5 5 


strongly heated The1:rude fat, along with a small prSpor- 
•tion of water, is placed in the pan^ and tlje fir/ kindied # the fcft 
soon begins to run and finafly Jbrms'a liquid rendered some- 
what milky ip appearance by the water initially present id the 
tallow and that added thereto. The Expansion of “the fa\, in 
liquefying, ruptures the cellular envelopes, which then, under 

the influenceof the continuaT heat and the evaporation of the 

% • • 

water, contract and form, as it were^ crumbs (tjie greaves) 
floating about in the fatty mass, the latter by degrees becom- 
ing^lear. According to the size of the pan and tlu\ j^^iigth 
of the fire, ^s well as the ifmount of water present, the opei^- 
tion lasts from one to several hours, the mass having to be ' 
continually stirred 'with wooden paddles to prevent the residual 
tissue subsiding to the bottom of the pan and becoming* car-, 
bonised. When the fat flows quietly and s'eems cfear the pan • 
is emptied and tjje greaves sep*arated, to which end a strong 
sieve of sheet-copper of a diameter corr<;s[ii)nding with that 
of the pan is placed in the latter and pressed (downwards by 
means of the handles, so that,tlw: liquid fat rises through the 
perforations whilst tbe greaves are forced to the bottom. 
The tallow is then ladled out or, run off^ thro^^gh a tap at a 
coiwenient height at the s*ide of the paigjnto a wooden vat or 
other suitable vessel covered with'a filtef cloth stretefied over 
a frame or laid on a perforated plat^, so that any residTial 
particles of tissue sflll in the fat are retained, and the 4:allow 
freed from all solid matter. If the tallow is to be refined at 
once it can be run off into^a second jJi^in ‘^[anding at *a lower 
level. 

In the melting pan there reirAin the gteaves with some 
adherent fat — it being impossible to remove all the fat, how- 
evd* well the copper sieve may have* been forced into »the* 
mass — and th-ese'are now subjected ,to pressure, the contents 
of thJ pan being filled into press-bags o*f, woollen or horse-hair 
cloth, which are^hen placed in the greaves press. One of the* 
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oldest forms of press employed for tifis purpose is the screw 
jftess s«ow4i in Vig.* 62^ ^In this the press-bag containing" 
greaves is placed in the cyliiilcf iJ, whic*li is made in two 
halves connected by screws, and consists of plaited strong 
iron'wirec^ perforated ‘plate strengthened by iron struts. It 

is o[)en ^t both cn 9 s and stands in a sheet-iron trough A fitted 

• • 



Gs. — Press lor i^rcavcs.-^^A, sheet-iron trough; B, (iischur<fe pipe; C, col- 
lectin'' dish ; D, cylinder; [C, frame ; F, prijjis h^d ; G, screw spindle : H, 

sci#w KK'ket ; J, lever. 

• • 

with an*outfloV nozzle K At, the upper end the press head 
F i».ts aocuiately in the cylinder and is moved up and down 
by the stroilg screw spincile G working in the socket H on 
the cross beams of the press frame and driven by the lever J, 
chu« exerting a strong v*'^ssure on the greaves and expressing 
the fat* • . * . . * * 

Improved presses f 5 r greaves are displayed in Figs. 6^ and 

64, that with ratchet lever gear furnishing v^ry good results. 
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Other presses, notably hydrtiulic presses, m^y, of course, be, 
also used for the same ^)urpose. . 

The greaves presses are aUvays, placed near the melting 
pans or in some other warm situation, in ordc^r to {)revent the 
tallow from setting. TJie yield obtained by melting crude fat 
amounts to 8(f-82 per cent.^)f tallow and 10- 1.5 per cent, of 



63. — Greaves press with ratchet lever gear. 

residue (greaves) ; very p^re* and dr^ c^rude fats, such as 
kidney suet, yield 90 per cent, and upwards of jTure tallSw. 
The loaf or cake tallow is obtaint^d from fhe melted tallow 
ladled out of the pan and poured into wooflen vessels, the 
yeflow coloured product from the pressing of* ^he greaves 
forming caskTaifow. 

(3ccasionally a weak brine is added to the'’tallo‘w in the 
melting pan, its action being to allow a higher temperature in 
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^he mass, and a ^^hrinkage of the- cellular tissues. The pure 
vvhite ta^lovN^^is knownfas virgin tallo^V,” that from the press'* 
being “ greave tahow" or/‘ second runnings”. 



Fig. 6^ — Greaves press. 

The greaves, even when most carefully pressed, still re- 
tain* up to ^0 per cent, of fat. Formerly the very brown*or 
carbonised graaves were, much used as fuel arid the better 
kinds gi\fen td pigs.and poultry; but in large works, v^here 
they are produced in quantity, they are now extracted by car- 
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bon bisulphide or benzine, ere., and the prof^ict einplqycd as^ 
lubricant. The residual greaves, \^hicfi, wnen no ca/bonisa*^ 
tion has occurred in the Sicking jirocess,^ consist of pure 
cellular tissiiq, may be worked up for the manufacture of glue, 
ferrocyanide, ammonia, jn^nure, or nitrogenous charcoal. 

As alread)^ mentioned, rnalodorous vapours and giJses are 
evolvtf^into *he air during the mejting of tallow in*opeii pans 
and infect the neighbourhood. The;ie%nises and vApours con- 
tain, in addition^to volatile acids facetic and butyric acids), the 
constituents of the empyreumatic animal oils, such ‘Am- 
monium cy?kiide, ammonium sulphide, sulphuretted hydrogel, 
pyridin, picolin, lutidin, etc.. Acrolein vapours shotild^rtot, 
however, occur, the*ir fonmation taking place at a higher tem- 
perature than is necessary for melting tallow. * 

The inconveniences resulting, from the open paif melting of 
crude tallow can h^‘ obviated by means of suitable corttrivances. 
These comprise a tight-fitting pan lid pgi'iided with a flue 
pipe, through which the vapours can be flrawn.ink; the smoke, 
stack and discharged into the ajr ?it higher levels. 

A stirring apparatus, worked from the outside, must, of 
course, in these cases be employed. Th^ gasSs call also be 
exhausted direct by a current of air. Appliances constnicted 
on t(jese or similar principles are s^plied by Tfiomson, 
Errard, D’Arcet, Wilson, Buff, Fourle aiid others. 

According to Schaedrer, the proce.ss of melting along with 
caustic soda is greatly under-estimated, notwithstanding that 
the malodorous fatty acids ^re^ by thii^ method, brought into 
combination. The temperature i>ced not e.'a:eed i©o'’*C., 160 
parts of fat being mixed with an eqflal weighf of a i to per 
cent, caustic soda lye and heated by a current of steam. The 
cellftlar tissue is greatly distended by the* aikali, and the floathig 
fat, after being* k^t in a liquid concJ^itioij fdiV* few hours to 
clarify^, is washed with water, 95 per cent, pf an inodorous fat 
being obtainable, by this means. The alkaline water when 
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^subs't fluently treated with acid** j^ives off an odour of the 
volatile^fatt^ acias dtiivt^l fi;om the original fat. This method 
is, however, unsuitable for v«ry*old fats, ammonia being in 
such cases evolved. The mass also froths up i^ery consider- 
ably whe*n heated aiK*! the separafion of the fat from the 
* • * * 
emulsion of ly(^ is attended withjnuch difficiilt^^. 

Melting- yjith* Dilute Siilpfiiiric Acid. 

D’Arcet i)rcfers to melt tallow along with dilute sulphuric 
acitir^^i parts of tallow being, as a rule, employed with of 
\iater and i of sulphuric acid (specific gravity, i ’51*48). When 
the* mixture has been heated during several hours, to such a 
degree that the dilute acid boils contiguously, the whole of the 
, fat ^ill be gradually obtained floating on the surface, because the 
cells of the fcitty tisl^ue are, for the most part, destroyed, and the 
fat liberated. On examining the greaves inkier the microscope 
it will be found tii.'ij: the still unbroken cells no longer contain 
/at, but are Jillvd with dilute sul[)huric acid, which has pene- 
trated mto the interior and expelled the fat thereform. 

ITArcet’s i)rocess presents the advantage of recovering the 
■leliole of the fift without tht; necessity of pressing the greaves, 
sinc^* the latter merejy contain dilute sulphuric acid. An in- 
convenience, howevei*, atteiuls this prociss in that the resulting 
gil'aves can no longer be exclusively employed as fodder, 
though it is erroneous to assert that^thc*^^ are altogether unfit 
for that piir[)ose, since numerous experiments have demon- 
strated* that such^aci(J greave*;, \jhen mixed with other food 
sAiffs, Am*very \vell be used. Tor feeding pigs without the latter 
losing their appetite or th^power of laying on flesh. The chief 
drawback to the D’Arcet process is that iron vessels, being 
rapidly corroded by- fhe sulphuric acid, cannot be used, •and 
recourse musJ;/o*e hjid to materials [e.g., l(fad)« unattacked or 
only incpppreiiably.al^'ected by this acid. To avoid n^aking 
the vessels too heavy, as they would be if constructed of lead 
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alone, iron pans arc lined internally ^witr’ sheet 1^1 a 
millimetres in thickness, ^th^ jqjnts ftJtRe plates li»eiiii;of course 
soldered antogeneously by pu^e molten lead. When stt^am is 
available the treatment of tallow by t[ie sulprniric ^cid process 
can be carried on in laad-lined wooden viUs, or when wooden 
vessels are easily [)rocurabl^^the leaden lining ma)^ be omitted, 
since 4hese Vessels, especially \\*hcn made of woods rich in 
resinous matter, can be used for a comparatively long 
time. 

0 

Process . — According to*^?lein, the 
pans serving for meltin" the tallow should be Fitted wjtti ;v 
grated false bottom to support the greaves and prevtin^ their 
charring, the employmlmt of stirrers thus becoming ui?yeces- 
sary. The pan is fitted with a lid perforaied find covi.Ted witl* 
a linen cloth supporting a Jay^jr (3-3 1 inches thick) ot altt^r- 
nating strata of lime and charcoal, through which .die evolved 
gases ascend and are thereby deodorised. J ** 

This disinfecting layer must be renewed e.^ch time the pab 
IS recharged, a troublesome ta^k and one disturbing tlie regu- 
larity of the work. Burning the vapours ab^ays affords the* 
most satisfactory solution. 

Renanfs Tallow- Aleltwg jRenard enij^lo/s ‘for 

the destruction of theVellillar tissue a^ubstance, viz., caustic 
soda, which acts even ipore energetically than sulphuixc acid 
on organic substances. As is ,well known, caustic soda in 
common with the other caustic alkalis has tliQ pow(i'' of dis- 
solving animal integument wjjlh eas^. Since, however, ^he 
alkalis also possess the power of’saponifyin^ fatf^ a consider- 
able loss of fatty matter would ensue, from saponification, 
were a large quantity of caustic soda epi ployed, .soaps soluble, 
in fhe water used^for melting being formed ; ,l^ut if’the pustic 
alkali be empfoyed merely in small pro^jdrtioiWhe saponifica- 
tion of the tallow need not be feared, ver^ dilute .solutions of. 
alkali attacking tibe fat only after somewhat prolonged boiling,. 
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vfjjilst fly* com[)ki^ (lojtriictioii of the cell capsules is accom- 
plished irmcf^(|uicker. * 

r]ie use of caustic soda is lindoubtedly preferable to sul- 
phuric acicj in tallow ijieltin^, the yield of tallow obtained 
therefyy bein^ the ,hi<^hest possible. •A drawback — though 
not one to j)e greatly emphasiserW-to this metlfbd is that the 
greaves are lost, and the liquor containing the *decoij^pbsed 
cellular substance canno* be used f(jr any other jnir[)ose than 
the watering of dung heaps. 

[frocess, as originated by Ren^rtl, contem[)lated ^he 
.use of alkali carbonates, but there are many reasotis for pre- 
ferriirg%to employ the alkali in *1110 caustic condition, since 
though the carbonates have, it is true, file power of destroying 
‘Ihe cellular tissAie,^ihe operation is a much more protracted 
one than in the case of caustic, alkalis. Moreover, the use of 
carbonatet^iii nowise precludes loss of fatty#inatter, the solu- 
tion of these salt^ Ueing capable of emulsifying the fat and 
lividing it inlo Extremely fine globules, thus forming a milky 
liquid. '• 

The quantity of caustic soda to be used in this process is 
'elatively minute, i vart dis?;olved in 100-200 parts of water 
iieni^ g^uierally (juite suftjcient Xor 1000 parts of tallow. 
Duly.when the tallow •nmder treatment* contains a somi^vhat 
arge proportion of cclluliir tissue ma)j^ a rather larger quantity 
of caustic soda be taken ; otfysrwise the boiling must be carried 
on for ^ longer time. 

3. J/c/Z/f/*'* /[v Steam. 

.Naturally, tne melting^f crude tallow by the aid of steam 
in closed vessels offers the greatest security for inodorous 
working and itiQ.st complete utilization of the materials,' on 
which account this^ piirthod cannot be too vvarmly recom- 
mended. Various Appliances have been constructed for this 
.object, notably those of Gellhorn, Flottmami & Co., Lock- 
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,woocl & Everitt, Riv^ir, Heintschel aticl (,tKers^ as/alrea^y 
illustrated and fuHy deserilA'd 'in an earlier section f)f the pre- 
sent work. * • 

ProJ^erties of tallow* is hard and •solid,* pale 

yellow' or white, tast(?less and inodorous 'in the fresjh* state, 
but assuming after a shoiT time a rather unpleasant char- 
acteristic smell, without, howev’er, },x‘comin^ ni/icid. It is 
insoluble in cold alcohol but dissolves in boilin*^ alcohol of 
sp(;cific "ravit)^ 0 ' 822 , as also in ether, chloroform, \v^irm 
benzine an^l ethereal <5ils. • The elementary composition is 


Carbon 


76’5o p«?r cenl? 

Hydrogen 


. . irrjr ' * 


Oxygen . . . * 1 1 '50 


• roo’o^) 


Specilio gravity at 15 ' C. . * 

• 

M M ^ 


Solidilying point 


Melting-point 


Saponillcaiion number .... 

• . IQV2-'ZO(J 

Iodine number . , . . . *. * . 

• .^ 5 '-P 47-5 

[Refractive index at jo ' C. . . . 

r^SgO 

Hehner value 

9 Vl- 9 ^> 

Fatty acids — 


Specific gravity at 100"* C. ^ . 

0-8698, 

Solidifying point . 

if-'lS” 

lUeltingpoint 

■ 1 ^- 47 *' 

Neicralization value^ .^ . . . f 

l97-2-'20l-f) 

Iodine number ..... 

••^ 5 - 9 - 4 1*8^ 

Relractive Index at fx) C. . 

1*4375 


Beef tallow consists ahj,^os<; entirely of palmitin, stearin 
and olein ; the percentage of the kitter can l:fc calcuTated fro*m 
the iodine number. According to fhe parts (5f the body from 
whence the tallow^ is derived, the proportions 0 / olein, stearin 
andT>iilmitin vary, the softest and richest* in oleiA Joeing Ae 
pure fat from the* scrotum; the richest in st^:y»in, and’eon- 
sequetftly the hardest, * that from the intestines.* S<!haedler 
gives the average combined percentage of stearin and palmitin 
as 66 1 per cent. 
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MirrYoN (Tallow (Hammeltalg). 

Riuu Material . — The'accuiTjuhUiohs of f&t in the flesh and 
tissues of the sh^ep. 

^ Rrepa}\ition . — Idke ‘beef tallow, ky melting and by pres- 
sing tW residual tissues from the melting process. 

Properties . — Mutton tallow is similar to beqf tallow but 
is less highvy coloured, *being whiter, rather harder and more 
brittle. Initially inodorous it assumes, after a brief exposure 
to the^air, the well-known characteristic smell and taste of 
nvitton, very quickly becomes rancid and agrees in this 
‘ property with goat’s fat, which^ it then resembles in smell. 
These odours are due, according to,,Chevreul, to a volatile 
,fatt^ acjd (hircinic acid), which is, however, merely a mixture 
• of butyric Jicid witii other volatile fatty acids. 

The composition of mutton tallow is very similar to beet 
tallow, the* const^nt^s being given below : — 


Specilic gr,T*’ity,at 15'' C. . 

. o- 937 -o *953 

Solidil'ying point . . * . 


Melting-point 

• • 44 °* 49 “ 

Saponification number 

i92-i95’2 

lodine'number . * 


Hchner value 

95*54 

fteffa:tive index at bo C. . *. . ‘ 

1-^501 

t;atiy acids — 


Solidifying point , . 

39 °- 4 i“ 

pelting-point . ! . . 

i 6 ‘’. 54 ° 

Neutralization number . t 

. . . . 198 

Iqdine nujnber .... 

34*8 

Refractive index^at bq° C. • * • ^ 

1*4374 

Muttoi| tallow is soluble only 

in over 60 volumes of cold 

ether or 45 voVimes of*' boiling 
0-821. 

alcohol of specific gravity 

It contains per loo parts — 


Carbon * . • . * . 

. * 76*61 per cent. 

Hydtogen ■ . ... 

. 12*03 'b 

Oxygen 

. 11*36 


100*00 
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and consists of about 22 per cent of steann, 31 per^^ent ,t>f 
palmitin and 47 per cenj:. o^ olein. 

The olein obtained by pressure is colourless, with ^ faint 
odour of m-utton and a sp. gr. of 0-^13 at *i 5 C. ; 80, parts 
are dissolved by 100 parts of boiling absojute alcohol, • 

Iodine Vdlue. — 92. 

accc^unt of tl\e crystalliue appearance of the stearin • 
yielded by this fat, mutton tallow is preferred by candle-makers 
to that of the* ox ; very frequently the two arc met with 
melted together. 

f --Similar to those of beef tallow. 

, Tallow Oil. 

Olein or tallow oil (talgol) is obtaiiv^d from beef tallow' 
as also from the other tallowy /ats — mutton fat and goat fa^ — 
by seeding and f)ressure. 

This tallow oil is somewhat thick anci(/ftlpy, and is highly 
suitable for the manufacture of fine soaps, provided the colour 
of the commercial article is goocf ; it is also used in lubricating 
machinery. The press residue forms the ordinary stearin of 
commerce. In order to deprive the *tallow of its entire 
content of olein, it is mejtcd, then stirred continu^ljy* until^ 
neaiily cold. The m^ss ms left to cogJ in flat tin moulds, ^the 
cakes wrapped in press cloths and pressed between iron plates 
in the hydraulic press, whereby |he olein is forced out, leaving 
the stearin and palmitin behind. 

The value of the oleirMs greater ai iiA/'erse proportion to 
the amount of solid fats it contafn.s. 

There is a distinction bet ween*' tallow oif (olein) and oleo- 
margarine (styled “ oleo ”), the latter being* prepared fron^ 
fresh unmelted beef kidney fat by pressurp,^ and* used either 
direct as an edible fat or mixed with»od and nrflk and worked 
up into artificial butter (margarine). 

Tallow oil is a liquid solidifying in winter time, of ,a 
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sjx^cificS. Gravity o£*0‘94 at 15'C. ‘ It \s much more readily 
so fuble U la^r^palmltin «jr stearin in absolute alcohol, but it is 
insoluble in dilute alcohol, Iiu the same way that oleic acid 

is converted by the action of nitrous acid into elajdic acid, so 

« * . • • 

* also olfin, under the same conditions,* passes over into a solid 
isomeric * state, ..forming elaidin^^ consisting of crystalline 
,nodulcs which melt at 32" (^. according^ to MaydV, or Jl8^ C. 
accordin^r t(^ Duffy, anti dissolve readily in ether, though 
almost insoluble^ in alcohol. 

i 

(Jtecwijir^arine has the followin^^ constants: — 

^Specific {,'ravity at 13' C. . . . * . . o-g2,po-Q3o 

lye^tirif^^-point . . . . • . . i7-3'’-'20-5^ 

Saponification number ig5’o-ig7'4 

Free fatty acids 0*56- 1*56 

lodiife number* 44-5S'3 

Ilehner ,, 95‘5b 

Reichert* o‘4-o'r) 

^atty acids.;— •• t 

• . 

Melting-point . . . j2‘o‘’ 

Solmitying point , . . . 39'S'’ 


and consists of:x,— 

Triolein 
'friparfmitin 
Tristearin , 


50VS-55-2 
15 ‘6-40 ‘0 

6 S- 39‘9 


riid commercial grades are: Meltfd Vallow, press tallow 
or stearin, and margarine. 

The constants of beef stearin are as follows : — 


^ Specific f;ravity a 4 35“^ C. 

Melting-pftnt ^ 

Solidifying point 
Saponification /lumber 
‘ Iodine number , .. * 

Rt;fractiv'e ind^. ut 25° C. 

In the‘ Parh 5 mar.kef tallow is sold on the “titer” oi^set- 
ting-point of the mixed fatty acids. 


■9006 

49°- 56'’ 
41*5 '- 4 ,r 5 " 

194-196 

8-17 

. i-4S76-i'45«4 
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According to De Slchee^^pcr and Geitel,* tallow aiu^^milair 
fats, etc., have the subjoined settin^pohits 

• 

Tallow ’ . . ' C* 

Oleomarffariiic » . ,pV'4 ” • 

Stearin . . 

Mutton ta’^ow ....... .pvi ' ,, 

Ik'cf tallgw . ' . . . A ■5'' 

Wone fat . .• . . •. , . |‘'7'-^‘3 ». 

Olive oil , . . . . . 

Cotton-seed oil .O'"’ -- 

Cocoa-nut ofl ...... . -.po' ,, 

Stearin grease . ». . . . <• 

* j 

“ Snif d'i'pli{cluiycs''\A JAench commercial biaild^ Which, 
when dried, smells of sulphurous acid, is green in colour and 
is [Drobably a mixture of animal fat with infenor olive oil*), ♦ 

Adulterations of Tallow , tallow i*s mostly adulterated 
with fats of low^'alue, such as fish tallow (whale fa<), bone fat, 
pot fat, and latterly with distilled wooj Lit. According to 
Schaedler, such falsification cannot be considered.as fraudulen|, 
provided the procjuct is not stiUhunder the general designation 
of tallow ; the adclition ot these fats serves to lower the (juality 
of the product, certainly, but the manjufactLh'er c'an supply 
such mixtures at lower rates for industries where purity is of 
no ipiportance. Adr^tcration of fallo\^with cheap fatty acids, 
notably those of wool fat, is indic^tt;d by the smell, ^ which 
cannot be completely removed ‘during the distillation of wool 
hit. 

Tallows falsified with fish .tallow have^ their melting-{)oint 
lowered considerably, ancT can* J:>e recognised in n .sli[^erfiv:ial 
manner by the smell of fish oil evolved on gently melting the 
fat along with common .salt. There are other adulterations 
priicti.sed by the addition of 'starch, potato flour or mineral 

substances, \yhie*h can be identified, as inT'hr; case of lard; 

• » «» 

while cotton-seed oil is also used as An /idultiii'ant 'when the 
price permits. 
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i^iXAMINATION Ot* TALLOW. 

• * * 

EstiinaJ/mi of — 5, g|m^ of tjie fat are placed 

in a t^ired glass beaker or basin containing a glass rod and 
^ dried, till constant, at ip5^ C., with constant stirring to pre- 
vent hnniping. If tallow be mixed with potash its absorptive 
capacity fo|; water is increased. «ln such event fhe fat cannot 
•be freed from water by drying at 100“ /J., the best plaj?. then 
being to determine the content of fatty matter, impurities and 
[)Otash, and estimate moisture by difference. • 

^otPftts (solid matters, fragnjents of skin, vegetable 
ma*Lter, dirt, etc.). — 10-20 grms. of. fat are extr^lcted in a 
flask pvith chloroform or benzol 'and then poured through a 
previcvisly tared dry filter, washing with the same solvent 
until a drop of the lk|uid allowed to fall on paper leaves no 
grease spot. Ihe solution is then dried at 100° C. and 
weighed. Lf on incinerating the residue a larf^e amount of ash 
is left, the sample^ hJs been mixed with some inorganic sub- 
stance, chalk,' clay, etc, the nature of which can be ascer- 
tained by the ordinary processes 'of qualitative analysis. When 
a copious orgainc residue is left after extraction, it is tested by 
moistening with iodir.e soluti'on. A blue coloration indicates 
* starchy Jt^atter (starch., flour, or potato pulp), the presence of 
which. is also detectable by microscopic^examination. More- 
over, I. part of the suspected Jat may,, be^boiled with 2 parts 
of acidi^fied water in a beaker for a few moments and then 
placed ii|, water, at 40'' C., so that the fat does not set too quickly 
.for the impurities Vo Subside, If iodine tincture be then 
added, a bli^e coloration is immediately developed. The 
starchy matters are freed only with some difficulty from fat 
by extraction, so that ,the weight of the dried residue after 
deduction cf the ,ash docs not exactly correspond to the 
amount of starch present. ^ 

Substances'' soluhi'e hi water are often left behind after 
the extraction with chloroform and can be' identified {e.g.. 
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common salt) by an afialysis of the residue, or else t):/y mj^^ 
be removed from the fat by takin^j a ^larger quanti^' of die 
latter — say 50 to ioo*grams — ana* shaking it^ up in warm 
water to m^^lt the solid fats, the mixture being then feft at 
rest until separation iifto the two fayers (fat an*d water) is 
complete. 4 f this does not ensue, even ^ after prolonged 
stan'dmg, biSt the fat remains partly in the form*of^in cnuil-^ 
sion, the particles may be united by» shaking up'^with ether; 
the resulting aqueous layer being then removed by the aid of 
a separating funnel and tested. 

Sulphtiric remaining from the refining process, _>vi 11 
be found in the aqueous extract, and may be estliiiatdd by 
titration with caustic soda, using methylorange as indicator. 
For detecting other dissolved substances the ijolutionp's eVa{xv 
rated and the residue examjned. 

Ethereal oils^ in admixture with the fat, are removed by 
steaming and determined by the loss ii\ \H/;iight. The distil- 
late can be shaken up with ether, the latter, evaporated ai^d 
the residue examined qualita<,iv<^ly. 

In unadulterated tallows the non-fats consist mainly of 
fragments of skin and gelatine ; in l;\one tallovVs, calcium 
[ihosphate may be present. 

^Occasionally sof> taJlow from cujt’ings is founcl to havd 
been adulterated with lime which wa.s stirred in whilst the fat 
was in the liquid kate, the result being a hardening of the 
product owing to the formation of a lime soap. In the ether 
or chloroform extraction^ fo/ the de^:ermination of non-fatty 
matter this admixture is left imthe residue, whit’h inust then 
be employed for its estimation. '' 

The examination of the dried and filtered fat is not con- 
fined merely to the detection of adulteration, but is also per- 
formed with the* object of determinyig tjie value of the article. 

*[)etermining the Value of Tallow . — According lO Dalican, 
the value of Jthe tallow increases with its melting-point. 
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Wolktyhaar consick;rs that tallow «havifig a melting-point of 
le. 4 o thaii 40'' C.' k'. injdmjssible, wheroas Dalican, who, with 
greater corledness, detenfiines [he* vaVie by the setting-point 
of the^fatty acids^( 1 ;allow “titer”), gives 44 C. a.^ the lowest 
limit therefwr. The det(^rmination of *1110 melting-point yields 
results Varying considerably, according to the W4iy the test is 
performe^', k ap[)ears therefore to be more adva«tageou!^ to 
determine tue meltijig- ;ind setting-points of the fatty acids 
obtained from the fat. 

The following table by Dalican is used in candle works to 
calyjlate the yield of .solid acids (conlmcrcial stearic;-- stearic 
and palmitic) and oleine (crude oleic acid) obtainable from 
tallowi of various melting-points : — „ 



Stearic Add. 

Oleic Acid. 

i.Sctting-l’oi'st. 

I’rt Cent. 

I’er Cent. 

3r- 

25 -^o 

fig'So 

37 

2(r.3.>. ' 

( ^ '20 


33 15 


'■ 1 ' 

3 .S -00 

57-00 

•13 *• 

437‘* 

51-30 

■15, 

5i‘.V> 

437" 

-17 

57'P5 

3 7 "5 

19 

7I'25 . 

«'i375 

51 

79 '. 50 

f5-5" 

53 

(J'i'IO 

2-90 


The constitution (T the taHow can be calculated from the 
-iodine .ninnber, cither the fat itself o^; the fatty acids therefrom 
being titrated. I'heorefcically, the iodine fuimber of pure oleic 
acid IS (p’oy, that obtainbej e.\|3erimcntj^lly j)eing concordantly 
betwecnf'89-8 and poyS- The jodine number of olein is 86'20. 
The io‘dinc number of a fat being found, and e.xpressed as /, 
then the olein percen 4 :ago contept Q and the amount of oleic 
acid obtainable therefrom, li, (!:an be calculated as follows : — 

TOO . j, JOO . 

O r t h - I 

«S()’2o cjo'oy 

I or ‘ . , 

‘ , ' ()- i’i6oj E - I’lio' ( 

If /be the iodine oiumber of the liquid fatty acids, then 
their acid conteint is a<so— 


E = I-II02 i 
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A high percentageof th§^ liquid fatty acids lowers tiny value 
■of the tallow for making stearic acids oving,td the loi/er yie4d 
of solid acids and' the cftirk* colour of these acids ^vhen pro- 
duced by the lime saponification process. * , 

Detection of Fatty Adulterations .-— fatty ndiil tenants 
of tallow are* paraffin, palm-kernel oil, c6co-nut oil, cotton- 
seed* stearii> wool fat, mufion tallow, rosin ancV rt>r;in oils, 
fish tallow and bone fat. 


1*REE FATTY ACIDS IN liEl-E TALLOW. 


Kind of I'allow. 

N*.. of 
Samples. 

Atid Value. 

. .. 

i'ei Cent. 

•Keinar.\s. 

Russidii . 

5 

31— 

2-55— i.t-3 

Oic; 

11 

. a 

IO‘I — 12'4 

yo5 6-2 

yrishtr 

„ P.Y.C. . 

3 

Ft— 't>'4 

2-2 — 5-2 ‘ 

Old 

Australian . 

S 

4’4-- 47 


Fresh ‘ 

4 

3’5--4<>‘47 

175— 13-2 ^ 


Town tallow . 


yo— l.J -2 

4 '5 — 7‘> 

— 


1 

50 

^ “S . 

f) yeiirs old 


Titre Test of Tali.ows. 

The accompanying table by dJalican- and Jean shows the 
titer test of several different grades of tallow and admixtures 
thereof 


Paris town 



43 '5 

Ordinary beef .... 



44-0 

Beef, kidney pure . ^ ». 

. 


45-5 

Mutton, ordinary 

■1 


/ 6-0 

,, kidney .... 


s . 

48*0 

Bone fat 



4^'5 

Intestinal tallow .... 



41-0 

St, Petersburg P.Y.C. . 



43-5 

Odessa beel , . . . 



4 r 5 

,, mutton .... 


fi . 

45 'o 

New York Prime City 



■44-0 

,, ,, Butchers’ Association 


■ *x ' 

4 3 ‘5 


/ "■ 

■' !, 





u 

,y 

i 

/ 
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• Nature of Tailow. 

a • 

litre. 
Degree C. 

Webern ^Chicag*)) J ^ 

.• 

• 45*0 

Buenof A^res beef . • . . • 


■ 45*0 

^ ,, ,, mutton . ». 


• 43*2 

Australian mutton 


'• 44*8 

,, * beef and mutton 

• 

• 44‘5 

* beef , 

• 

* • 43'5 

Florenc| .** . 


44 '5 . 

Vienh^' , . • # • 


• 44 'S- 

Goat . . 


. 44*40 

Horse fat 


. 37*20 

,, ,, white .... 

• 

• . 36*7 

^uif*d#(?pliichure8 

• 

. 41*2 

Green fat, soufTrice 


•.* 3 i ‘4 

• fatty acids . 

, * . 

■ 34'5 

Distilled grea.se, souffrice 


. 24*6 

i^aughter-house, pure 

0 

• 45'4 

*Caul fat, pure ^ . . 


• 42-45 

Mutton t;^'low, purt; . 


• 48-4 

25 mutton 75 slaughter-hou.se .* 

’ 0 ' 

. 46*15 

Ho 20 ,, 

♦>. 

• 47'8 

33 ‘4 .. , „ 


• 46 ’4 

4o'o ,, ^ 60*0 ,, 


. 46*6 

50-0 „ 50*0 


■ 46 -g 

40’» 6o‘o ,, . * 

. • . 

. 46*6 

75'0 „ 25-0 


• 47-65 

6o-o 4t‘o ,, ^ . 


• 47-3 

HO’O ,, 20*0 ‘ „ 


. 47-8 

}*J *0 ^ ,, 20 ’O ♦ ^ . 


• 47*8 

40 slaughter-hou.se, 6g. caul fat 

. . 

• 43-65 • 

33*4 M 66, „ 


• 43-45 

,, 20 * 

• t. 

■ 44-8 

75 * :--5 .. . 


• 44-65 

Commercial stearic acid (stearic and palmitic), Kenner 

■ 44-9 

* 

,, Perr^ 

. 54-8 


' .. Clichy 

• 55-0 


The composition of mixtures of palmitic and stearic acids 
cannot be determined by the melting- or solidifying-points as 
shown in th<r fbllovyin^ figures by Carlinfonti and Levi-Malvano 
and by Heintz'^^ 

• 4 . 
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Percentage of 

Solidifying point. 

Solidifying phinl. 1 

/ 

Mi-yng-point;'*' 

^ _ 





Stearic Acid. 

Palmitic ,\cid. 

Carlinfonti .-hid Lcvi- 
Malvano. * 


Hcintz. 



* ’ c. 

" C. 


100 

, 0 

f)S -2 

— 

fig -2 

po 

TO 

f^yo 

62-5 

(^7-2 ' 


20 

* <>3-5« 

60-3 

. "^5'3 

70 

3^‘ 

() 0 ‘So 

5ir3 

fi 2 -g [ 

60 

40 

37 '^5 

5<>-5 

(xr 3 


5<^‘ 

3^^'-'5 

55'“ 

56-6 

. 40 

^fx) 

55-90 

51-5 

5f''3 

30 

70 

5475 

5fo 

, , 55 -^ 

3‘-J‘5 ‘ 

67-5 'i 


5rt> 

55 

20 

So 

. 55 75 

53 

57-5 ' 

10 

90 

5<5'4<> 

54 ‘5 

Oo-i 1 

0 

TOO 

61 -o 


•52 i 

i 


The two tables appended are also by tjio former ar.tliors : — 


Pcrcem.igc of^ 

i 

Percentage of 





j Solidifying 



Solidifying 



1 point. 

4- ■ ., 1 . 


point. 

Stearic Acid. 

Oleic Acid. 


Palmitic Acit>. Ole 

Acid. 



•j 

: °C. * 

' ' 


. c. 

0 

I(X) 

9 

1 00 j 

0 

f)T 

5 

95 

23-45 

90 

10 

59-2 

15 

«5 

34*25 

: , 80 

20 

. 57*3 

25 

75 

1 46-6 

■ ”<> 

30 ! 

1 . 55 *^ 

35 

65 

1 51/y 

I 60 

40 

52-6 

0 

54 

si. 55*95 

i 5<-' 

50 

; ' 49*75 

55 

45 

58-65 

1 4 <>‘ 

fx) 

46-25 

05 

35 

1 61 ‘25 

! 3 <> 

70 ! 

4 1 -Co 

75 

25 ' 

' 63-40 

"20 

80 

*35 

«5 


; 65-40 

i 10 

90 

' 2 , 4*8 

95 

5 

67-15 

' 0 TOO 

I 9 

TOO 

0 

! 68-2 

1 _ 

r- 

i 



_! «L - 





Coco-mit Oil and Palm-Kernel OiL — I'lie prc^sence of these 
solid vegetable fats in tallow is revealed by the greatly in- 
creased saponification value, which is, for tallow, about 196, 
but for coco-nut oil 246-260 and for palm-kernehoil 242-250, 
also by the Reichert-Meissl number a/id PcJenska numbers, 
see pp 116-117. 

According to Rodiger these fats may be recognised in 
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tt[\ ovv\^ the propcrty^exlubitcd by their soaps of salting out 
with great^r\difficulty 'ch^K the; tj^llow soap;^. The soda lye 
for sajjonification is prepared l 5 y mixing 75 grams of caustic 
soda ,of precisely Bt;. at 1 5 ' C with 1 50 grafns of water, 
1 50 gr/ms of tallow.are heated to boiling along with 50 grams 
ofwater^ni tarcri basin and emuWificd with lO grams of soda 
dye, furthci ^additions of the latter being deferred until tUc first 
addition has been absorbecl by the fat, which can be ascer- 
tained by taking a small sample out of the centre of the boil- 
ing soajr ^'.olution with the woodep spatula employed for 
stirring and allowing it to run from fhe blade. If the mass 
break.s. Vjiggedly or draws out in viscous threads (which will 
be the .case after further additions of lye), then the alkali has 
been absorbed, whilst on the contrary event a clear watery 
’licji'id will drl[) from the spatula after the turbid mass has run 
off. If this’.appearance does not alter, even ^after prolonged 
boiling, more \Yatcr :-s added. When the operator is inex- 
perienced he should continue the boiling for at least half an 
hour afte.' 225 c.c. of lye have been used up'(which is always 
the case), replaa’ng, from time to time, the water lost by 
evaporation. The muss will 'then run off in a fairly viscous 
’conditk)!!,, and w:iter must bu‘ addod to make up the total 
initial volume of 425 c/:., 38 ’ Be. soda'iye being aft erwefrds 
added clrop by drop from' a weighed flajkfiyl until a clear drop 
of lye,.a[jpears on the dropping sample of soap. This occurs 
when ‘the, folio, wing additional quantities of lye have been 
added : — ^ ' ' • 


Viennese b^ef talU’w . ^ . . . 

Beet tallow with 5 per cent, of palm-kernel oil 


grams of lye 
29 n 
37 

42 M 
45 5 * 


SO that as low as 5 pei cent, of palm-kernel oil can be detected 
by this means. 
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Distilled Wool /'f/ZT—Ttf detect this fnt*, which, ar.v'irdini^ 
to Leopold Mayer, is* employed to ndiil 1 :crate* taflow, the 
sample is saponified and shak*en iij) with ^Ther, the residue 
left after ev’aporatin^ the ether bein^ teste(f for cholesterin 
(see p. 3^Jl). As no cither fat contains such a larL;e pj;opor- 
tion of chole.'fterin, this test^is perfectlx’ reliable. Tfu^e^are 
no tri-^lycer?des in distilled wool jat, onl\' free fatty^^ids, and, 
consequently, tallow adulterated withlhis fat will have a very 
hiqh free fattx'^acid content. d‘he fatty acids isolated from 
sucli a sample will become \'el low in a few days' , time" and 
exhibit the^characteristic smell ol wool fat, due to the presence 
of volatile (att\’ acids. • 

Cotton Oil or Cottifn-Seed Stearin . — 'hallow falsifiecj with 
cotton-seed oil or the stearin obtained thpreftom will, assume* 
a red to red-brown coloraVion on treatin^^ 5 ^Tams of tjie 
melted sample \<|ith 15 dro|)s of nitric acid (s[)e(^jic gravity, 
1-380) and shakini,^ up briskly. On tlie (^li^r hand, pure beef 
or mutton tallow under this treatment will remani pure whitoy 
and palm-kernel oil and other -fafs show only a yellow^colora- 
tion. Acc(jrding to Wolkenhaar this reaction is unreliable, 
since pure, but carelessly melte^l, samijjes oT tallow behave 

similarly, and the test is only to some. extent definite ,uhen 

• • • ' 

the wieltiiyq-point of tlie sample is beiow 40 C., anrl at the* 
same time the specific gravity above ^c/861 at 100". It^would 
be advisable to carefully filter such imj)ure tallows, irt order 
to remove the staining impurities before applying the* test. 

Cracan remarks in l-gii freati se, • tha^; in the ordinary 
methods of testing beef tallow the (juantitjttive y*act*ons *afe 
not always sufficient, since it is •easily possible by suitable 
mixtures to arbitrarily produce an article exfybiting the con- 
stants relied on as indicating 'purity. f:le elab*oi;atcd a Tew 
reactions specially for the detection, of ijapan •wax and for 
vegetable waxes in general, in respect of which he opTied that 
adulterations of* tallow therewith were not infrequent, such* 
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/alsifil' '^ions bejng, however, scafrcely 'to be apprehended in 
^ tfie pres^jnt low pfices* of fallow and high rates prevailing for 
vegetable Waxes. 

ll some 5 c.c. of ammonia be heated in a test tube and 
3 decigrarhs of pure tallow stearin bemadded and shaken up, 
me^el}^ k faint turbidity is imparted to the lifpuid, but if the 
same trC’tment be applied to Japan vvax an intensely white 
milky liniment is i)rodwced, and the same result is obtained 
with mixtures of Japan wax and tallow stearin. 

Whfii a little nitric acid, or aqua regia, is heated in a test 
tube and a little pure tallow stearin added thereto, no change 
of (?olouf is observable, either during boiling or after re-cool- 
ing, but the stearin remains just as \vhite as before. Vege-' 
■ table waxes, however, when treated in this way, quickly turn 
yellow, and 'fumes of nitrogen oxide arc evolved on heating. 
The .sameroccurs in a lesser degree when Mixtures of vege- 
table waxes and tallow stearin are em[)loye(l. For the de- 
tection of paraffin, see p. 151. 

'I'liE Rkkinin(;, Hardening and Bleagiiing of Tallow. 

The tallow'obtained from the crude- fat by melting by one 
.or the other methods mentioned is, even when carefully 
' strained,'’ not entirely free from admked undissolved ,.sub- 
stahees, i.e., solid matters, and therefore cannot be used for 
all teclmical purposes. Though well adapted for the prepara- 
tion ^of ordinary soaps, candles, etc., it is unsuitable for fine 
toilet soaps, and fpr this purpose requires to be refined. 

• ' Thc'ref mng of talhw consists in melting the material, in 
presence of water, over a five or by means of steam, with or 
without the addition of certain chemicals reputed to exert a 
puilfying influence. The sim’plest and oldest method is by 
one or more re-meltings in an open pan over direct fire and 
with an addition of 5 per cent, of water; the steam melting 
'process, wherein a current of steam is passed into the melted 
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fat, is new. It is an c^sentfel condition of* the old cl'a-ifyingf 
’ process that the water should boij withocit ceasing and be, 

thoroughly mixed 'with the fat bv means of stl*rrers worked 

' • • • 

by hand or qjechanical means, so that the latter substance is 
kept in a state of emulsion. When this mixing has*conJ;inued 
for an hour tiie fire is drawn^and the content:i,f>f the‘})j^n-^eft 
at rest. Dtiring the^slow cooluig of the mass tjit lighter 
impurities rise to the surface and are skimmed off with a very 
fine strainer ; the heavier and bulkier impurities, on the other 
hand, sink to the bottom along with the water, that a 
mucilaginous las er of dirt*and fat is formed between the stmta 
of fat and water. 

The precipitation ofin, naturally, only be com})let^ pro- 
vided the cooling of the tallow proceeds witl; extrenje slow- 
ness. For this reason a very slow fire is k*ept under the j)ap, 
or the latter is c<^vered up with a lid, cloths, etc., ^n order to 
retard the cooling as much as possible, .(h^nerally speaking, 
the fat in a pan of medium .size will re(|uiiie about twelvt> 
hours to clarify ^thoroughly. . The jairified tallow ^ then 
removed by skimming or drawn off, through a tap at the side, 
and is placed in the transport pa(;kages, q;, ,if a .seebnd clari- 
fication is desired, transferj'ed to another pan. Very pften 
comipon salt, alum, .sal^iimmoniac, etc.,^ife added to tTie water 
used for re-melting, an aqueous li(|ui(bof high density J)eing 
thus obtained, from \t’hicli the faf separates more readily than 
from ordinary water. 

When .steam is cmployjjjd /or clarj/yin^^ it permeates the 
tallow, liquefies it and causes it*t4) pass through a^tr5iner*oT 
very fine mesh, which keeps back Ae impurifles. 

In addition to these two principal methods, others have 
been proposed with the object* partly of purifyihg, parti/ of 
hardening and bleaching, and also partly of sv^eetening the 
tallow^ by freeing it from unpleasant adherent* smell.s. To 
effect the latter .object (the cause of the smell being u.sually 
12 
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iti^cid\'tty acid;>) 'the tallow is irfblted' along with a solution 
.of soda or bOra.x, fhe operandi W\\\s^ otherwise exactly 

the same as when, water alone is used. 

Ilardenirij^ tih tallow is effected by various means. Apart 
from the old urine process (employed in slow-going soap- 
bodkig establis^Mnents), the hardening process based on a 
partial coV version of the oleyi in the tallow into solid gjaidin 
by the action of acids, ptirticularly nitrous acid. Alum, dilute 
sul[)huric acid, potassium bichromate and man<;anese dioxide 
are alsoavnployed lor hardening tallow, the products in most 
^calibs being oxy-fatty acids formed by the action of oxygen, 
whert,ibv the final [)roduct is rendered harder and more brittle, 
and at the same time whiter in colour ’and almost inodorou.s. 
* According to one .specification, a mixture of 500 grms, of 
CQiicentratetr sulphuric acid and 500 grms. of concentrated 
nitric acicf' is .stirred into 100 kilos of mcxlted tallow, and 
after allowing thosaq'd mixture to react for a certain time is 
washed out tigain with pure water until the reaction is per- 
fectly Leutral, the tallow being finally hea^-ed over a gentle 
fire till all the water is evaporated. 

When^ oxidising agents are em[)loyed, vapours are always 
evolved which contain whole groups of the volatile fatty acids: 
butyric, valeric, capro’c and caprylic vicids. Under the in- 
fluence of nitrous acid;* on the other hand, the reduction pro- 
duces Of this acid appear in great quantity, and hydrocyanic 
acid' is never absent. For this reason, hardening with this 
reagent can only he effected iirclesed ve.ssels, the gases being 
suitably lecl away^and rendered innocuous. 

If the tallow' obtained*' from crude tallow by melting at 
6 o‘'- 65'' C. be allowed to crystalli.se at 35” C. and is then 
pressed, “ prime press tallow ” is obtained, whilst crude cuttmgs 
yield,* under ‘similar treatment, “press tallow "seconds,” the 
expressed liquid |)ortion being in the former case classed as 
prime margarin ” and in the latter “ margarin seconds 
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The liquid portions of tallow can idso be* separated frgpiTi 
the solids without pres«iiir*, since* rjie* solid crJ^sl^Qlline sub-* 
stances have higher melting- and setting-poifits than thejicpiid 
products. To effect this separation ihe tallow is* melttal in 
large quantities (two to three tons at a time) b)' the*aid of 
steam coils m large wooden«fats, the vessels be^ing^he-. ^closed 
and ]tk at rest for ei^ht or ten* days at a room ^jnqjcrature 
about I ‘ or 2" C. below the melting-point of the tallow. The 
fat has thus time to cool down very graflually, and the solid 
fatty glycerides crystal lisi; in hard granules out of fife liquid 
mass, settling on the waJls and bottom of the vats, in IgTge* 
conglomerate cauliflower-like* aggregat ions. The liquid fjortion, 
the tallow oil, remains clear in the centre of the vessdii and 
is then poured off, the crystalline lumps, being left 'a while 
to drain and afterwards nft'lt4.‘d in water, poured out artd 
allowed to set. ^n this way a product resembling jiress tallow 
is obtained. Nevertheless, neither thi^ Tior* press tallow 
rightly deserves the name of “hardened tallow*” since they 
arc no longer tallbw in its pristine state, 7 ’/.:., stearin, [falmitin 
and olein, but consist for the most part of stearyi an(J palmitin, 
and therefore have an altogether (lifferent* constitution. 

In order to increase the^ whiteness of ‘the product W:all?tw is 
frecjiflmtly bleached, the operation bein^ oftentimes com^Diyed 
with the hardening [^*ocyss. Hlt^ichmg is effected excliwively 
with chemicals, viz., chromic acid, manganese dioxiefe* and 
hypochlorites. The various methods will be aierel)* briefly 
mentioned in this place, hjtfting, been ?dre 5 dy full.>^ d^scritjed 
in the author’s works on \ \\^ctabte fats and ^i/s. 

I. Bleaching with Chromic Acid or Potassium Bichromate. 
— 100 kilos of the tallow to be I^leached^irc melted along with 
I kilo ( 2-2 lb.) gf sulphuric acid previously* dilufed \\u‘th 6 
litres *32 galls.) of water; thcreupcfru5bo grnjs. (i;i lb.) of 
powdered red chromate of potash are acfded and the whole 
gradually raised *to boiling. When cold, the deposited acid 
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lt(^uor is-drawn off, ancj the tallovv re-melted with water and 
washed in warm ufitil fto acjd fea^tion is detectable. 

2^ ManfraneseKDioxide , and "Sulphuric Acid.— To 1 00 kilos 
of tallow is adde(] i Htr? of concentrated sulphurioacid diluted 
with ^ litres of wgter, the fat being tjien melted and mixed 
with‘isi<ilo^of t-lle strongest magj^nese dioxide. The boiling 
mass is^^irst rendered black by the manganese con^polind, 
then bluish, and finally (when the latter is completely decom- 
posed) white. It is then left to cool, the bjpaching liquor 
drawn off, and the tallow freed from^the/:hemicals by repeated 
m(?ttings with water. 

3* With Hypochlorites .— 100 'kilos of tallow are heated 
together with a solution of i kilo of sotla in lo litres of water, 
until the tallow <s melted, a clear solution of i kilo of bleach- 
ing powder in 7 litres of water, being stirred in and the mixture 
raised to bi-iling, whereupon sufficient dilutefbulphuric acid to 
produce a faiqtly'ac^d reaction is gradually and carefully in- 
corporated therewith. After standing, the aqueous liquor is 
drawn \)ff and the (melted) fafi; washed with water until no 
more acid can Jdc detected. 

Since, in the two last-named bleaching processes, noxious 
vapc^Ktirs^oroducing coughing may, wilder certain circumstances, 
be^gk/en off, the opcwtion must alwdj^s be carried on®with 
the bleaching vat placed <under a metjl cover discharging into 
the open air. ^ 

Uses of Tallow. — Medicinal: for ointments; cosmetics : for ^ 
popades ; ^as a foftd-sifuff : fof'coisking and frying, and in a 
special forn^as a^substitute for butter ; technical : for candles, . 
soaps and lubricants of various kinds. 

BoN‘E*FAT (Knochenfett). • 

Raw^ Material. hollow bones and short flat bones, 
or rather the spongy substance of the latter. Bones are filled 
jvith a soft yellow or reddish fat (bone marnow) which serves 
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to protect and support the *blood vessels in the bone and al.-^ 
as formative substance for the white cjorpuscles of l!<ie blo6d. 
The bones worked up for their fatware those of the domesti- 
cated animals slaughtered for food and of the horse. As a 
rule, three products are obtained in tfie process : ^ue, fat and 
mineral matter, i.e., phosphjite of lime, the IjUter in'the^.form 
of pi^ified bone or as^a maiuirial^ substance, or boitehiack. 

Preparation . — Originally the treatment of bones was con- 
fined to the extraction of the fat, the material being simply 
boiled in water and the fat skimmed off ; in some^pses also 
the glue,* so far as the latter was dissolved by the bqiMng 
water, was recovered, the residual bones being woi1<jd dp by 
the turner or bone wcyrker, or </round down into bone meal. 

The methods of manipulating bones^em (ployed aj: th*e pre- 
sent time may be directed ]:o the attainment of*four different' 
o ejects : — 

1. The recovery of fat and bonebla^k ^s the primary ob- 
jects, with bone meal as a secondary considera*tion ; 

2. Fat and boneblack as tjie'main products ; glue j^nd bone 
meal, by-products ; 

3. Fat, glue and bone manure or p^ogphSte aS the princi- 
pal products ; 

«4. The recovery #f ammonia saltern addition to’ the pro* 
ducts named under i and 2. 

In any case, ^afever products are to be obtained, the 
separation of the fat is necessarily the first task to te per- 
formed. Even in the §yent that ^bor^ meal is the sole 
manufacturing product in vie^ the recovery offtie^fat f^ Im- 
conditionally desirable on accouift of its relatively high value, 
and the bones are of no greater value for m§inure with the fat 
15 ft in than without it In Tact, they are the better fbr ils 
removal, the faTty matter impregnating tfie ^ones retarding 
indefinitely their decomposition in the 

The form wi which the bones should be used for recoveriiTg 
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the fat, the sole object at present in v<!e\v, is .always that of 

siriall lumps, .such as ar^ obtained by passing the bones through 

crushing rollers set closcdy togetheV. ' In wdrking with bones 

crushtid by stampmg, the meal and granules with which the 

unsofted lu'mps remain mixed unfavourably affect the progress 

of tlie operation^ whether boiling or extraction, ^by clogging 

togethed\n^j rendering the recovery of the fat moie difficult. 

Properly crushed bones contain no meal and but few 

granules, and are in this form best adapted for yielding up 

their content of fat. 

»- 1 


k, 



Imci. 65. Bone crusher, (Section.) 


The recovery of fat may be effected in three ways : — 

I. By 'boiling, * ^ 

f. Hy steaming, „ 

3. solvent extraction. ' * ‘ 

By simple boiling the bonb cartilage is left almost entirely 
unaltered^ the fat, however, being so imperfectly extracted by 
’chic, operatioi that fretjuently oi'ily one-half the total quantity 
in the bones fs recc vered. 1 

By steaming the bones a much greater yield of fat is ob- 
t&inorl, it is true “Ovet* bo per cent, being recovered by suffi- 
ciently prolongjiiB 'the operation ; at the same time, a large 
portion of' the rartihge'is dissolved and converted into glue, 
uhich, if the manufacture of this article docs giot fall within. 
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the scope of the factoiy, is completely wasted, even forming a 
burdensome waste product, seeing thti glue liquor, unless 
quickly discharged into a large voluitie of riinniifg Vater, such* 
as a river, very rapidly undergoes decomposition and pollutes 
the neighbourhood. The easiest method of getting rid of this 
glue liquor is by employinijj it for the irrigation of thejand. 

Bone meal •obtained from *steamcd bones is moi-^ easily dis- 

. * • • • . - 

sociated than that prepared from un.'-^eamed bones, on which 

account it has a more rapid fertilising action than the latter, 
and is, therefore, for this reason, usually considered by practi- 
cal men «s superior, .^teamed bones when converted jnto 



I'Hi. 06. -Hone crusher. • (Viewed ^royi above.) 


boneblack are of lower Vtllue owing to* the extracliw)n*f)f thj^‘ 
gelatine ; they yield a black of inferio^decolorising powertthan 
unsteamed bones. 

By the solvent extraction process the fat is almost ojitirely 
extracted, only a few parts per million at most being left 
behind in the hone. TWe cartilage* as^well iu^^tli^ myi^ral 
matter, remains completely unaffected, anc^bonfs deprived of 
their fat in this manner may be used either for the preparation 
o]" a good bone meal, whicli, will hj^ve an •abiding manuriiil 
effect, or for Uie manufacture of bonebJjick. ‘The solvent 
extiaction method is recognised as pirjducing ^he best results 
of any, and is coming largely to the lore. 
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^ I. 'Bone Boiling. — Ihe oldest form 6 f apparatus employed 
fof bone consisted #)f a ^lar^e ^u^rought-iron boiler set 

in brickwork ^and Jieate(f‘ by direct fire, fhe pan was first 
filled with bones •Up to about 12 to 15 in. from the brim and 
water run ib until the level of the liquid^ was about 8 in, below 
the <;d^e,*heat b^^ing then applied ^and continued 'Until a fatty 
flayer con^^fcd upon the surface, this bping skimibed p/fby 



Fic,. 67.— Hone crusf^Jng lyachine {RDse^^powns & Thompson, Ltd.). 

• • • I • . / 

flat ladles as quick 5 ’ as it fofmed and collected in a wooden 
vat, where it was left to set. Under the fatty stratum there 
w^s always found a certain quantity of dark-coloured glilb 
liquor, which ^vas ppured off. As soon as only a scanty 
amount of fat '.vas 'fcund to be rising to the surface of the 
wUter the operation was considered at an end, the glue liquor 
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was run off and* the bAnes taken out of tilt pan, to be the» 
dried and subsequently* worked up. 

A slight improvement oif this^ ‘original practice of ob- 
taining fat frpm bones consisted in placing the latter in a tin 
plate cylinder (Fig. 69] perforated like a sieve in Ihe jateral 
walls and sus^iended by a strong bow from a, chain •ruipdng 
over* ^ pullt^ attache^ to a revj[)lving crane, by^tbe aid of 
which it could be lowered into the boihng pan. 
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{or continuous use with fresh cliargej# of boses, a difficulty 
s6on ariifcs, in tHat the*vi*s(;psity of the k'quor becomes so great 
*that the asxetit of the fatf gIobules^'s (lindertMl and they remain 
imprfsoned in the lic|U0L water having to be, added as a 
diluent to'enable the fat to sej)arate, besides which it tends 
to burn on the botfom of the nan. • 

Wliei^i^'steam is [available, the boiling is effected b^yfirect 
steam, which presents Uie advantage that large wooden vats 
may be used, the consumption of heat being^ relatively low. 

Direct steam may also be employed in the 
following manner: the previously men- 
tioned perfor;ite(1 vessel being immersed 
in a wooden vat fii^l of water, at the bot- 
tom of which is placed a coiled steam 
1 * 

’pipe, the steam from which heats the 
water to boiling. t 

, 2. SteamiH}^' lu))ies . — The temperature 

of steam increases according to the pres- 
sure to ‘which it is subjected ; it also 
„ ,, , forces its way more readily into the in- 

Fi(i. f)Q. IVrloratrd ^ ^ 

vessel for" lioUimK' , \erior of„ substances than when in the 
tlie^H)Mes. Ikjuid state (water). These two factors, 

‘conjoinerl with the circumstance that ^jtrongly heated frit is 
very fluid, it follows that bones subjected to the influence of 
fairly liigh-pressure steam yield a far larger quantity of fat 
thanxan be obtained therefrom by simple boiling. 

Higffly heated jSteajn has, naor^rover, much greater solvent 
ptnVers fha^i'hot water, and oxxrts this influence in the case of 
bones by convefting a comparatively large amount of the 
cartilage into glue, so that in addition to obtaining a greater 
yieM of fatjfom the dfones by' steaming, a more highly con- 
centrated gliq* liquor is ^ilso produced than ‘by Tnere boiling ; 
at the same vi me ‘t!ie‘ steamed bones, being rendered ‘more 
“friable by the solution of an appreciable proiportion of their 
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cartilaginous substancet are »oltene(i and can be more easil)^ 
comminuted. The apparatus gei^eraQy vseVl — nwitk sligKt 
modifications — for ‘steamnig b^nes t'#hes the fortn* displayed 
in Fig. 70. It consists of a cylinder 10 or* #2 ft. in ht?ight, 
constructed like an ordinary boiler, of *strong iron jflates. In 
each of these cylinders, which are set up v'ertlcajly and i^ranged 
in groups or •“ batteries,” are two large apertures •F- and A, 
which can be closed steam-tight In'.iron covers and bovv- 
screw.s. In the upper convexity of the cylinder is fitted a 
pipe D communicating with the boiler, and on the opposite 
side of the ^Jan is a short pipe H, both this and J) being lyo- 
vided with cocks. At tlie bjjttom of the cylintler is a pipe 
L, also fitted with a cock and bent forwards, and the cyfinder 
is fitted internally with a perforated false bottom .S immediately ► 
over the domed bottom. Generally four* to six^ or in large 
works eight andjnore, steamers* are united to foriy a battery, 
the discharge pipes L being led into a connj^on outlet, whilst 
the steam pipes D are suj)plied from a main pipe, d'he 
batteries rna)' be surrounded brickwork, but it is preferable 
to mount them unenclosed and merely lagged with wood on 
a frame, the intermediate space l^etween the Itoards and the 
steamer being [)acked with sawdust. 

For filling the stea^^icRs quickly aiuMvith the smitllest ex- 
penditure of power, it is advisable to ^et the crushing mil? at 
such a height that ftie ‘crushed •bones fall direct into, trucks 
which run on rails above the upper manholes of the steamers 
and are unloaded there by Gpjjgng. Anotl^cr set of rails runs 
along in front of the second rfianholes A, <so th&# the spent 
bones can be discharged direct iwto trucks# anrf transported 
therein to the breakers. 


•As soon as a steamer is charged wilh bones it is hernx;ti* 
cally closed, the tap H is opened and stearh'acjmitted t(^ the 
bone^ by opening D. The steam first* eyteringf is cbndensed 
to water, being ^cooled by the bones, but after a short time^ 
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ihe temperature in the steamer wHl ha^e so far risen to a point 
^ a^ whicit the steam na linger liquefies,* when, after driving the 
air in the apparatus out flirough the pipe rf it issues therefrom 
in a strong currfcnt. As soon as this is observed H is closed 
and the sleam allowed to act on the phones, whereby the fat 



70. — Hbne^teamer. 


contained in'theni is meltedtand trickles down. At the bottom 
of the vessel there collects a liquid containing glue, rendered 
♦turhid by imprisoned Vat globules, a thick layer of fat collect- 
ing on the sujfatt. ^From time to time, at tnten^als of about 
an hour, ‘the l*ip !• [s dpened a little way whereby the prtjssure 
*of the steam expels the glue liquor and fat with great force, 
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the tap being dosed A'gain •when the characteristic sound iiv 
dicates that steam alone is escaping. ■ ! 

Steaming, with' periodical lemova'f of tlie fat, is continued 
until a sampje of the effluent liquid shows tiiat no more fat 
is exuding. The liqujd in the steamer is then eixpelled by 
the steam, tlte steam pipe D ^closed and the qutlet A opened, 
whefqpjDon the steam^is turned ^on again forcing' the greater 
part of the charge of bones out through A, an operation greatly 
facilitated when the perforated false bottom S is arranged to 
slope well forward. The liquids obtained from the steamer 
consist of fnelted fat and a fairl\' concentrated solution of g,lue, 
retaining a large proportion of fat. To .sej)aratc thL\se con- 
stituents the liquor is lAin into a steam-jacketed metal cylinder, 
the current of steam being regulated to [)roduce sufficient heat, 
to keep the glue liquor rather fluid, so that, oil' standing, all 
the contained gU^bules of fat are enabled to rise to^,the surface. 
When the separation is complete the fat,is,Tun off through a 
tap at the side of the cylinder and the glue liquor immediately 
drawn off througji a valve in^he conical bottom of tljic vessel 
to the concentrating pans. The glue licjuor being always 
fairly rich, it is advisable to work, it up inU)gli?ein the factory, 
since, even if the resulting j^roduct be of somewhat low cmality, 
the, loss of valuable ffiaterial sustainqcl’ by the bone meal or 
boneblack is to some extent compensated for by its recovery. 
It is somewhat dififcul?, in the Type of steamer described, to 
heat the mass quite uniformly, consequently the extraction of 
the fat occupies rather a Jong time, ;^vhi(^i results in a large 
amount of cartilaginous substaiice being ccnvertec? iiTto g^ac. 

This may be remedied by aei improv(fd method of con- 
struction, wherein the steam pipe does not debouch into the 
teff) of the steamer but is modified in order to secure the better 
distribution of fhe steam through ttie cjiarge 9f bones. Tlie 
steam pipe (Fig. 71) is in this case extended K) the centre of 
the steamer and then passes downward in the direction of the 
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^xis almost to the? boUom. A ntirnber of lateral apertures o 
^are [)rovMecl*at vafiou.‘# hti^^htsjn |hejupe, each of them being 
so protected l)y a small St;nt int-tal plate d that no solid pro- 
ducts can pass ^nto the tube, whilst, at the same time, the 

• free discharge of steam is ensured. .These protectors were 
fouiwl^nhcessary to prevent the ^obstruction of the pipe with 

^ small pieces of bone. » « ,* 

I'he modus operandf of this arrangement Is easy of ex- 
planation : The steam passes through the nunv^rous apertures 
in the pi^^j uniformly heating the bones />ver a large area, the 
teirfperature consequently rising (|uicj<ly to a point at which 
the tat yielts out. • 

T\\c entire aim of the process — ^recovery of the maximum 
Amount of extractable fat in as short a time as possible and 
thy consequeht restriction to a, minimum of the conversion of 
cartilage iq^) glue — is attained by this ver)%*simple arrange- 
ment. Finally^ by tj^is method of construction the diameter 
of the steamiitg cylinders can be increased and the bones still 

I heated ^iniformly. •’ 

Bone fat is valued according to the “titer” in the same 
way as talfow and aljio according to its freedom from impuri- 

• ties. ^The following iwialyses of bouc fat are by F. Jean : — 


Sample. 

• 

Moisture. 

lmpu#:ti^'s. 

(iflatinc. 

« 

litre Te.sl. i 

1 * 

Free I'atty .‘\ci(ls. 

« 

Per Cent. 

I’er Cent. 


^ c. 

' 

I 

, 0-841 

— 

— 

30-8 

1 — 


O-QO 

# 


42-6 

1 6-53 


. |U- 5 o 1 

, trace 

• 

39-4 

5-61 

\ 

'2^00 

1* 0-12 

— 

4 -i -3 


s 

0^67 J 

0'()2 f. 

■ 

4 4 ’5 

; 

6 

■r-r-’ 


0-664 

36-9 

— 

7 


O-fX) 

173 

36-8 

i 

•’ \ 

* 

2«a3 

a -20 

38-3 

__ 



q- 9 > 


39 ’.\ 



» • • . 

3. Solvent ^Rxti\ntion . — The solv^ent extraction process is, 

a*s already stated, the only one by which it is* feasible to ob- 
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tain from bone^^ the aflitaincd fat in its entirety and at thc^ 
same time preserve th(i cartilaginoiis*sybstance jK-rfactly iif?- 
altered, so that the*best quality of boifeblack ma)^ be prepared 
from the resi^hie. }:Ience there is no need tft undertake the 
manufacture of ^lue in^ order to com{)ensate for the loss of 
valuable con.s^ituents — a consideration of ^^reat,yalue in sup pi i- 
f)’ing J;he wo*rk of the ^stablishmejit. 



J'he recover)' of fat from bones by this {)rocgss is basal on 
the property of certain liquicf^^ such •as tthcr, carbon bisul- 
phide, petroleum spirit, benzol, htc., of extVactir|g^fat, especi- 
ally when warm, brin^diif^ it into solution and then yieldin^^ it 
up again as a residue on simple distiljation. . In most cases 
use is made of tjie cheap petroleum spirit Q^cnzlne) avaifaye 
in la^rge quantities, a special appawitun bein^ employed on 
account of the great care necessary in vfe*w of* the explosive 
and inflammable nature of the solvent. Among the apparatus 
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for extracting fats, those of Dei^s, V«hl, Seiffert, Lindner & 
IVferz arid Wegfely] Hj-ilyifr arc best known, all of which are 
'described ^n*the authorfe worCi on Vegeldble Fats and Oils. 
See ^llso pp. 6oi fo 77 of this book. The extraction of the 
comminuted bones is effected in precisely the same manner as 

there UHlicated for oil seeds and oil fruits. • 

* % ** *• . 

Properties . — -The bone fat obtained^by merel)f boiling the 
bones is, except when pe^'fectfy fresh bones are used (and this is 
very rarely the case), of very inferior quality, dark yellow to 
light brown in colour and of repellent smell. The colour is 
du^ to tfie dark coloured c(ecompo*sition products'of the pu- 
trefying bone cartilage, the cvil^sm’ell arising from similar 
prodi/cts, fats in general being charaoterised by the affinity 

fhey* exhibit for absorbing and retaining odoriferous sub- 

« « * 

stances. • ♦ 


Bone fau prepared by the 'steaming process differs little 
from the las\-namcd class with regard to colour, but as regards 
smell it is in jirtitely ’superior. The same partly decomposed 


bones that, in the ordinary meUiod of simple boiling, would 
yield a fat with a repulsive odour, will, if steamed, give a 


much less* unpleasant-smelling product, the difference being 
attributable to the hi,^her temperature employed, whereby the 
•greater 'ffart of the malodorous subsL^ices is vaporised ^and 
carHecToff with thesteapi ; besides, there is less local heating 
and thf^efore less chance of dtstructiv?: dfcomposition. 


T*he external appearance* of the fat derived from bones 


varies cbnside'rably^ that from, perfectly fresh bones being 
p»l» yelbwi fii colour and frfjt from smell, whilst that from 


old bones is \lark# yellow t(^ brown; the consistency is either 


quite fluid, .semi-fluid or like lard. 

• The constants of bcflie fat are as follows ; — 
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Specific gi^vity at C,, . . .» O'9i4-O'9r6 

Solidifying point i ‘ • 

Melting-point 

I'ree fatty acids . . *. i4'8-26‘5 

. Saponification number • 190-9-195 

Iodine number . , . . 4b’3-5'5'^ 

Hehner number 86-i-^4‘4, 

Ash. ... ... •••11-2-40 

[^s?s of Hone Fat . — Solely *techpical ; in the soap and 
lubricating oil industries. 

Refining B^ne Fat . — For the purpose of utilizing bone fat 
it is essentially neces§ary*to subject it to a process of purj^ca- 
tion in order to destroy the odours and colouring inaCters 
contained in it; this ^^rocess is carried out with either'nitric 
acid or potassium bichromate, both of which exert a jjov^erful 
oxidising action. In refining with nitric •acid .J to 2 parts by 
weight of acid^are taken ()ci^ 1000 parts of fat* the exact 
amount depending directly on the degree^ oHinpuftty. 

Wooden vats, containing wooden ap[)liap(?e;s for stirring, 
and fitted with a steam pipe ^at the bottom, are use^. The 
fat to be purified is placed in the vat, where it is melted by 
steam and heated to 70 ''- 8 o° the nhnc atid being then 
run (from a glass vessel fitted with a glass tap) in a thin 
stream into the fat, dijring* which time the stirrers a?e kept iiF 
continual motion. At intervals samples are withdrawn (Tom 
the vat, cooled rapiilly^o cause*them to set, and exanjmed to 
obtain an idea of the condition (5f the fat. If the purifioation 
appears to be sufficient the s^tirrers are stopped an9 the fat 
washed, with which object it i^, allowed to run b4t hi a Thin 
stream into a second vat placed at^ lower level afid more than 
half full of water, besides being fitted with a steam pipe and 
se^of stirrers. By admitting steam anB simultaseously worlA 
ing the stirrers intimate admixture of tlfe f^t and water is 
effecled ; after a short time the whole i5 l^ft at lest, the water, 
after separation^ being finally drawn off and replaced by ct 


3 
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fresh supply, whilst the fat is v/asheJ agaiia in the same 
^m^nner ‘is tfier consid<tred sufficiently purified. 

By replac'^ng the niW-ic acid by a mixture of equal parts 
of nitric acid abd sulphuric acids, the purifying process is 
considerably accelerated, but the loss is greater than when 
nitric aetd alone is used. 

The second purifying process is that in which sulphuric 
acid and potassium bichromate are used. One part by 
weight of bichromate is dissolved in a very little water, and 
the solution placed in a stoneware vessel, 2 parts by weight 
of .'i^ulphuric acid being poured in and stirred with a glass rod, 
the Vessdl being then left, covered iq), for a cou[)le of days. 
When sulphuric acid and potassium bichromate are brought 
'into contact, chromic acid is liberated which dissolves in water 
to a red solution, wnilst the pota.ssium bisulphate formed at 
the same time crystallises out at the bottom of the ve.ssel. 
From A to 2 per c^nt of this chromic acid solution is added to 
the fat, according to the degree of impurity of the latter, and 
the stirrers are set in motion. 

When the reaction is concluded the fat is washed, at first 
with but sihall quantity of water, which becomes tinged 
green or violet by the resulting chromic compounds, and these 
'washings from several operations are s'^metimes collected and 
sole! to colour manufaefcurers. 

By 'Using a sufficiency of bichromate, even a very impure 
bone' fat can be rendered perfectly white and free from smell, 
and this class of product sells at such a price that it well rc- 
p‘d)^ thtfh^gh co.st of refining. 

Kriitzer employs for bleaching bone fat a mixture of 500 
parts by weight of the fat, warmed to 70-75” C., and 5 parts 
of soda lye containing 3 *5' parts of common salt, leaving 
the whole to stand for six to eight hours or overnight. The 
clear settled fat is then cooled to 40° C., and to it are added 
successively a solution of 2-5 parts by weight of potassium 
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bichromate an{4 7'5-i(5 parte of 23 '' fumingf hydrochloric acid, 
mixed in by means of'the stirrers, •w^iich c'fre kc]5t^\'1goroiisl); 
moving until the oil finally exlubits^ Aiercly^a green tinge with 
white froth , 41 sign that it is properly bleached. When this 
result is arrived at, sopie 30 gallons or so of water at,75'’*C'. 
are sprinkle(t over the surface from a watei»uig-can*anxJ the 
whole; covered up and,left to st;i^id, steam, if avaflable, being 
blown in. for ten to fifteen minutes. 

l^y this method of washing with hot water or steam the 
acid remaining in the bone fat is \vashed out and carrj^xl rlown. 

A bon*e fat bleached in this manner is, at the ordiwiry 
temperature, soft and lard-like in appearance, pure* jyhite or 
faint yellow in coloui* and is specially characterised l^y the 
slowness with which it becomes rancid ;vheij exj)os(;d to the? 
air. 


Hone Oir. (Kno('1ienoi.^.^ 

• ... 

In order to obtain the bone oil from bone fiit,«»vhich is don€ 
in' precipitating ihe more readily congealable stearin ijrouj) of 
fats, the fat is exposed to a low temperature (about 3 - 9 " C.), 
whereby the solid fat .separates out and# the oil can then be 
poured off. According to^the Polytechnic Society 9f lierlin, 
mucii better results cr«i be obtained dissolving the^ fat in 
benzine and exposing the .solution ^(iicold. 'I'he clear li(]uid 
is poured away fron? the solid lat, and when freed fitim the 
solvent by distillation leaves pure bone oil. 

N EAT.SEOOT O I r ,( K L A N E X (i L). 

Raiv Material. — The hoofs of cloven- footed animals ; oxen, 
sheep and goats. 

^Preparatiofi.—Tht feet of the ox and th(^shd’ey contafii^ 
very liquid arfd .stable fat. In order. to obtain this substance 
the fresh feet are laid in cold water to fv^sh ^way the ad- 
herent blood and, after the .sinews have been removed, are 
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placed in s,ufificiept boiling \<^ater to cove!* them. After 
•immersion, Tor a ^uar^ei* bf aij hpur, therein they are taken 
out, Jhe claws cu/ away .and the feet split to separate the 
toes from ^the larger bones, the latter being then boiled in 
w&ter by the aid of .steam, whilst the former, which yield up 
their* fat l^ss niadily, are placed^ in a pan and^ boiled oyer 
• direct fire in the water that has alre^.dy serveci for boiling 



Fig. 72. — High-pressure bone digester (Rose, Downs & Thompson, Ltd.). 

the^ large ^bpnes. ' After a prolonged boiling the liquid is 
allowed to clarify', whereupon the fat rises to the surface and 
is poured off. The oil obtained in this manner deposits after 
.some time a dirty sepii-fluid fat, from which the liquid por- 
tion is sepj.rated'', by decantation. This oil is pale yellow in 
colour a,nd thin at "ordinary temperatures, setting only at a 
,few degrees below^’zero C. It contains much olein and but 
l,ittle stearin, does not easily turn rancid ndt does it readily 
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thicken. Aftep the ftt stiW remaitiin^ in ’solution has beqw 
as far as possible seffarated by ci^fltaJlisation and liltration^ 
the liquid product* forms a vei^ good* lubricating* oil for clocks 
and delicate^achinery. 

According to Th.^ Chateau, the preparation oTf ne^tsfoot 
oil is carriect out in the fojjovving manner: •['he feA trot- 
ters of about 100 slv^ep are treated for twenty minutes in a 



Fig. 73.— Steam- jacketed bone difjestef (Kose, Downs & Thompson, r»td.). 

pan of water warmed by khe*aid of ^tcc^n to 75" or 80 C. 
When the woolly hair comes avtay easily the paif is*emi?tiftd, 
the feet scraped and the hooffi removeef 'fhe feet thus 
cleaned are tied up with string into bundles^ of eighteen and 
thfen subjected to extraction *by boiling ii\^ wflt^r until* ^e 
greater part t>f fhe contained oil is jrecQvered, twhilst the feet 
theniselves are sold in the half-cooked stefte. •From 100-125 
bundles of eighteen are treated at a time. The yield of fa\ 
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iSysomewhat var,ia&le, ^ranging frdm i !b. to lb. per lOO 
«heep. 'i'lv3*feet Af afiitli^is tljatrbaxe* had to traverse long 
di.stat;ces before being sfaughtefed, such as is the case with 
American sheep, yield merely traces of neatsfo«t oil. The 
boiled tfeet are immediately laid in arstreamof cold water, 
and when cpoled" are offered for sale. The oil obtained in tljis 
♦ manner has a specific gravity«of 0*91 5, i« translucent ai\d grey 
in appearance, but clarffies on standing or by several filtra- 
tions, and is then very pale yellow in colouf Chateau, in 
his comininication, reports that th^ mijjority of commercial 
.neafsfoot oils e.Kamined by him were .composed of other fats. 

JC, Cfeissler [)oints out that neatsfoot oil is, on account of 
the ipethod of preparation, very often" rancid, and that he 
lias examined oils of this class containing 10-15 per cent, of 
free fatty adds. , o 

Accordi'*:g to Schaedler, true neatsfoot oi’; from the hoofs 
of oxen is mostly ‘rai:^ed with that from the feet of the sheep. 

Benedikt (lisiinguishes between ox neatsfoot oil, sheep’s- 
foot oil luid hor.se-foot oil, and ^"tates that cemmercial neats- 
foot oil is ^enei;ally a mixture of oils from the hoofs of oxen, 
sheep, horses and swine. Dtita for the accurate differentia- 
tion (rf tfipse oils are .still entirely kicking. 

properties . — Neatsfoot oils are strait* yellow, inodorous, of 
agreeable flavour and ge?i(firally set onl^^ below o' C. 

Constants of neatsfoot oil ; — 


Specific gravity at 15 ' C. 


. u- 9 i 5 ^-c‘’ 9 Tb 5 

SQficli|y;ng point . ' . .. 


-- 3"-4 ' 

Saponification number 


194-3-199 

Iodine number . . * . 


67T-76 

Refractive index at 'ivT C. 


1-4681 


f.>/T/«/A7Vf//(;//.f/~I’urific(l neatsfoot oil is in good demahd 
as a lubricant it is often^ adulterated with refined cotton-seed 
oil, rape oil aiid mineral oils, the detection of which is not 
difficult. Any admixture of pale fish oils caft be recognised 
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by the smell e^'olved •when* rubbed on the hands ; otherwi,^^ 
by phosjdioric acid. 

Uses. — Technical : as a Itibricajft for delicale machiner\^ 
clocks and ^o forth. 

HORSpfFAT, Horse ^t^KEASE (rEERI)KJvAMMl-V:TX, 
PKERDK^'ETT). 

• • 

Raiv Material . — Chiefly the fat found in the neck (under 

the mane) of flie horse, and in addition all the fatty jiortions 
of the carcase. 

Preparation . — The *fat from the leaf, back, 4ieck,*and 
kidneys after separat^)!! from its integument is collected and 
melted — by steam if on a lar^e scale, or simply b)'*kot or 
boiliii” water in small works — then stranded *and, jilaced to sc^ 
in suitable vessels. 

Properties.~^'Y\\c actual mane fat of the If^rse is pure 
white and inodorous, softer in consisteifcv than lard, melts at 
^0 ' C. and consists of 70 parts of olein and 30 parts of a mix- 
ture of stearin and palmitin. 

The other fat from this animal is thick, alnK)st like pomade, 
and separates on stand inj^ into a solid portion an^ a super- 
natant liquid. At it resembles lard, an^* at 8" Q 

tallow ; it is of a dirty yellow-brown colour anrl pos1;esses a 
characteristic fatty»odtmr. The (Itt has slight dry^hig pro- 
perties and Farnsteiner was sficcessful in preparing f^om it 
a linolic tetrabromide in amqunt equal to abd\jt icPper cent.^ 
of linolic acid. 

The marrow fat obtained freyn the lange h?)llow bones of 
the horse is a waxy-yellow, greasy fat, becoming hard in the 
air; it begins to run at 65''*C. and ’is at^?i6^C. thick, lii:e 
syrup. By4:he*aid of soda a v'ery solid ^^hite*soap cai 7 *be 
prepared therefrom. 
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- The constants of horse oil are as follows : — 

Specific gravity nt 15P Ct ^ ‘ . 0 9i6-o‘933 

Melting-point , . . . 34°'53° 

-Acid number ' i73-2'44 

Saponification number ig5'i-r96'8 

. Hehner number 94'5-95'5 

Rejchert-Meissl number .... i*64-f‘'i4 

’"Iodine-number . . . . . . 7i’3-8f'3 

Refractive index at 25° C. *. . . “ . i '4 667- 1-4697. * 

Uses. — Medicinal; for ointments in veterinary medicine; 
cosmetic : for pomades intended to promote the* growth of the 
hair. FoV softening leather, lubricating 'machinery^ greasing 
woof' making .soft soaps, for which it seems specially adapted. 
It has also been used for adulterating lard. 

‘'Amimaj, O'il (Thiekol): Diitel’s Oil. 

R(17u AUfkr/al.— The tar resulting from thc'dry distillation 
of bones. » * 

P reparatioh. -^The crude bone tar is placed in a still con- 
nected vN^ith a warm condenser.' Liquid dis'dls over rather 
quickly at firstv and when the di.stillation .shows signs of 
slackening the fire is^made up stronger, so that, finally, nothing 
remains in the still but a porous b^ack residue consisting of 
carbqn which is utilised for fuel. The dfstillate is pale to dark 
yellow in colour, of oily dppeacance, aivl characterised by the 
fluoresrefice it exhibits, the surface of the oil, when viewed at 
a certain angle^ displaying a coloration inclining to blue or 
red. It should be rr*ent'oned that'^when a parcel of bone tar 
has been once^ di.stilled, it must be worked up completely with- 
out cessation, since otherwise the oil will turn brown by oxida- 
tion during storage. ^ 

f-The distillate \C shaken up with strong hydrochloric acid, 
then separated 'cherefrOm, washed with water and rectified in 
glass retorts. By thik means a series of products which readily 
decompose and give rise to dark colorations ai^e removed ; in 
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this way it is possible prepare ai\ oil that will remain light 
coloured. 

Since the actioh of oxygciV is increased by high tempera- 
tures, an arr^igement has been devised for re idistillation,^ after 
the acid treatment, in a current ot* carbonic acki (carbon 
dioxide), in which case a copper vessel may b^e used (or recti- 
fying. The*current of carlJonic acid gas must, bx^wever, be 
* • * • , 
strong enough to fill the receiver in, which the distillate is 

collected, in order to prevent the animal oil coming in contact 
with the air. 8y adhering to these precautions the distillate 
from the crude oil may he made to yield after two rectifica- 
tions a product which is almost colourless, and wUl^ remain ' 
fairly so if air be exclufled. On exposure to the air it b'ec^omes 
dark-coloured, even though several times rectified, to prevent, 
which discoloration, as fiir as possible, theX)il should be stored, . 
after rectifying,*!!! air-tight bottles. 

Properties . — Thin flowing and pale ^yellow Vhen fresh, 
but brownish-black from oxidation when*age^,* ^vith repellent 
smell. On treaiment with sylphuric acid it is rapifjly con- 
verted into brown clotted masses. 

Uses. — Medicinal : as a popujar curatjvc a^ent ;» technical : 
in the wool-dyeing industry. 



CHAPTKR V." 

SEA-ANIMAL AND FISH OIL?) (Thrane). 

Till'; fish oils include those liquid animal fats that are obtained 
from the fatty accumulations in the bodies of t1ie large marine 
mapmals; from the liver of various smaller or larger fish; 
'anchfinally by pressing certain specie's of fish, all of which in- 
habit ^salt water. » 

, Afl fish oils are, at the ordinary temperature, more or less 
.fluid, pale yeHow'to v^ark blackish-brown in colour, and mostly 
endowed wuh a suffocating, more or less dis'^greeable smell 
and taste. X)f the fish oils— whose chemical constitution is 
^ still insufficiei;itly known — one grou() is classed with the liquid 
waxes (^perm oil and the s[)ermjaceti prc[)are(l therefrom), and 
they are* all very easily distinguished, by their behaviour on 
saponification, froin the remaining oils and fats. 

St^erna oil and sj^jermaceti are devoid of glycerides, but 
contain Mstead ethers oj the higher fatfy alcohols ; and s^jark 
oil i!nd*all the marine aqimal oils with a specific gravity below 
0'88o a[ 15' C. may be classiffed in thS sdine group, since the 
great* majority of the glycerides have a higher specific gravity 
than d'pfq. Little js known re.specting the fatty acids occur- 
riiigdn the /6rm of tri-glycerides in fish oils. The place of 
the oleic acid foutid in other oils seems to be occupied here 
by physetoleic acid, but it follows, from the very high iodine 
mimber of fish oil^s, that large Cjuantities of a glyceride of an 
acid poorer ii"^ h)^rqgen are present ; this cannot, however, 
be linolic ticid,#becai.\se hsh oils are not endowed with drying 
properties. , 


(202) 
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Most of thft fish 6ils ape blacktjned by gaseous chlorine, 
whereas all other fats'and^oils arcf bltiach^d *by 4 :hi.^reageii't. 
The true, and to some extent* the w^ix-like, fish' oils as well 
give highly .^characteristic colour reactions idealistic sofla of 
specific gravity i -34 ayd syrupy phosphoric acid producing a 
red coloraticTn ; nitric acid.^yilphuric acid aixj nitrohilphuric 
acid*giying t)lack or violet-black (lolorations. 

A large number of fish oils are met with in commerce and 
are classified ag:ording to whether they are derived from the 
carcase fat (blubber)^, the fatty jiver or the whole ^fish, and 
also according to the genus of the animal yielding them. 
They are all employed either for medicinal (cod-liver oil) or 
technical purposes. 

By the term fish — or train — tallow n'hrantalg) are'indi 
cated the solid fats (steariji.s) separating out from fish oils- 
at temperature': jiear freezing-point, or obtained by jaessure 
at such temperatures, v'rude whale oifs yield “ whale fiit,” 
whilst the liquid portions are known as “expressed W'halc 
oil ” (chiefly coiuisting of ph)'setolein). 

The fish oils met with in commerce may be classified as 
follows : — 

1. Whale oils (train o^ blubber oils),: whale, sperm whale, 
fin-back whale, Arctic^sperm, dolphin, .porpoise, walrus, round- 
Beaded dolphin oil. 

2. Seal oils : Archangel, Ureenlaiid, NewfouiKlIair( South 
Sea, Caspian seal oil, walrus and Swedish “Three crowii ” oil. 

3^ Insh oils: herring,- sprat, pikhar/i, sardine, sardella, , 
menliaden oil, Swedish, Russian, Italian, a'nd Sji^cftiish fish Oil. 

4. Liver oils: cod-liver oil, Toal-fish (Til, merlangus oil, 
pollack oil, sea-pike oil, shark fs- liver oil, ray\oil, ray-liver oil, 
Jjpan fish oil 

The fish oils obtained from the blubber of 4 he entire fish, 
or portions thereof, by boiling, contain i.n''theiT natural state 
more or less aitimal gelatine (glue) derived from cartilaginous 
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patter. The various kinds of fish oil have different odours 
aLd flavours, wiiich are , indescribable, but when experienced 
a few times, fix themselves in the memory and form ^the taste 
especially) a sure, if not agreeable, means of recognition. 

The various kinds of fish oils — pure seal oil, whale oil, 
liver oil,; train oij — ^can be distinguished by the aid of fuming 
nitric acid ^nd sulphuric acid, the colour reactions obtained 
being nevertheless unreliable. 

The violet colorations given by liver oils with sulphuric 
acid do not result from the presence of biliary colouring 
matters, out, according to Salkowsky, cholesterin, the colour- 
' ing 'matter (lipochrome) discovered by Klihne, and the fatty 
acids 'themselves take part therein. Further assistance in 
, differentiation, and perhaps the detection of adulteration, 
.should be ad'orded by the difference of solubility in hot 
alcohol, in tiiat the latter will ‘take up 4 per ^ent. of fish oil, 
7 per cent, of liver oil, 15 per cent, of seal oil and its own 
volume of wh,;de (blubber) oil. 

The^ fish oils are, for the jnost, only jyrlulterated with 
lower grade train oils and rosin oil, the medicinal oils rarely 
with vegetable^' oils ^(such jys sesame and cotton-seed oil), 
which latter, by the way, can be detected by the elaidin re- 
rction, fiiih oils remaining clear and transparent whilst the 
last-named oils deposit ^)aidin after some time, the fatty layer 
being tijereby rendered thick and opaque.' 

Further particulars are given under the different headings 
relating to fish oils (^see table on opposite page). 

- I. Train or Bluurer Oils. 

Raw Material . — The fat of marine mammalia — sea cow, 
walrus, manatee, 'dolphin, porpoise, sperm whale, Arctic sperm 
whale, Greenland whale. 

Preparation — The dead carcases are hauled on deck or, 
f near the land, on shore, and the cutting out of the blubber 
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is at once begun. T 4 ie njen staiKl on small platforms let 
down the side of the vessel, and cui itrjps,^bbut/a ynrd wi^.ie, 
in the blubber (wWch is 18 t© 30 inches thick)* right round 
the carcase, jDver the back and belly ; then* attach a ro'pe to 
the strip and haul at the windlass, whercb)^ tlie rope is 
tig^htened aiRl the blubber draws loose, fhc, men cutting it 
awaj^/rom fhe carcasg with shay) spades, so thaf the whole 
envelope.of blubber is removed spiraljy by turning the body 
over, and is hauled on deck. 

COLOUR RKACTli)NS j:)F THI-^FISII OILS WITH A^DS. 


i FumiiiK Nitric Aci^l ■ Sulphuric Acid 
, (SfHicific (iravity, (Specific (iravily, 

Its)- i-r>.i7o). 


Seal oil. 


Whale oil. 


Cod-liver oil. 


Fish oil. 


Red-brown. 


Brownish, then 
brown, finally 
blackish-lirown. 


Blood red, then 
brq^wnifh-red 
to brown. 


Reddish ycflyw, " 
then reddish- 
brown, finally 
brown-red (blood 
colour)\ 


Brown, then 
blackish-brown. 


Videt to 
* blackish-violet. 


Nitric and Suljihuric 
Acidsf'if I. 


Reddish, then 
brown. 


Yellow, then 
reddish, later a 
dirty brown. 


Yellow-red, »^en 
brick-red, linally 
rcd-brov^n with 
violer ti;ige. 


i At first greenish, ; r'ellow, then* 
Brown. 1 lh«i brown, lin.-Vly | greenish, subse- 
! quite black. j quently brown. 


The blubber is first placed ’tween decks, ^nd is there'cut 
up T)y machinery into smaller pieces, idiich*are packed in 
casks, to be subsequently stowed in the hold. In marry 
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instances, however, it is immediately melted down on deck 
id an iron pan* set iir brickwork, the j[)il being strained and 
^filled into casks, whilst the residue (greaves-) serves as fuel. 

T-lie blubber, ill the casks begins, after prolonged storage, 
to putrefydn consequen<!:e of the decomposition of the tissues 
and other animal matters, and a part of the roil runs out 
spoil taneou*'ly and is collected in special recipients. When 
‘the vessel arrives at her destination the blubber still left in 
the barrels is melted down over a fire or by steam, and the 
self-run oil is also heated to about lOO' C. to allow the im- 
purities tb subside. In some places the blubber, after being 
' cut up, is melted in large pans 14 to 20 feet high, by direct 
steam* Tor five to eight hours. The carcase itself, when 
stripped of blubber, is either thrown back into the sea or 
treated for the pre[)a-ration of manure. 

’The dorsal fat yields darker oil than the helly fat, and is 
treated separately. 'I'he yield ranges from 6 to 20 tons of 
blubber jier whale. 

Whei] the work is performed in a rational manner, con- 
siderable' quantities of oil, though of inferior quality, are ob- 
tained by 4 :reafing the fleslq and bone in the carcase with 
high-()res‘jure steam, the residual portions being dried and 
sold as manure. ^ ^ 

Jimdller marine mammals, such as the porpoise, are di.s- 
embow^jlled, cut into pieces, and the fiesh and fat, as well as 
the bohy skeleton, extracted by boiling over direct fire or by 
^ steam. ' ' ' 

. (f.) I\)r/^fuse C^// — Kxtracted from the porpoise {Delphinus 
phoacna). The oi’ from the “jaw” differs from the oil from 
the “blubber,” is pale yellow, brown-yellow or brown, with 
a ‘jmell resembling, that’of sardclla oil, but loses this on e.:- 
posure to air, and assumes a deeper shade of colour. The 
fresh oil is‘ neutral to liimus paper, but absorbs oxygen from 
the air, and then has an acid reaction. Its specific gravity 
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at 15° C. = 0-^258 ; ^ettii^-point. - Cold alcohol 

dissolves i *2 per cent. boiling alcoji^l, !>o j)ericent. J’ieiclK;/^ 
number, 23-41 c.c.'KOH*; .'sajibnificajion niiinbe*, 

Iodine number, 88'3-i 19*4. The cdnstitueift* of this oi>are: 
glycerides of physetoleic, oleic, stearfc, palmitic a#ul valeric 
acids. 

DolpTiin Oil. — From *lhe dolphin or b*lacl » fisli (Dcl- 
phiuus glphici'ps). Ronnd-lu’itdetf dolpjiiii oil is pale )-ellow 
in colour and has a strong fishy smell ; specific gravity at 
15" C. = 0‘926(' ; at 20^ C. -- 0*9175 ; Reichert number, 5 6 
c.c. ; saponification Iiumber, 197*3-203*4 ; iodine 'number, 
99*5-126*9, One hundr(!d parts of boiling alcohol of specific ■ 
gravity 0*812 dissolve 40 parts of the oil, the soluthai be- 
coming turbid at 50’ C. ; 100 parts of boiling alcohol of, 
specific gravity 0*795 dissolve 60 part.s. » WheiT, e.x posed to , 
low temperatu^s the oil at 5"* C. to - 3' deposits sper- 
maceti, and when thus freed from the latter substai^ce dissolves 
in equal proportions in boiling alcohol, the*.soliytk)n exhibiting a 
weak acid reaction, which disappears on the addition of watec. 

The oil obtained from the “jaw’* differs markedly from 
the oil from the “ blubber,” containing morft volatile fatty 
acids, the Reichert nymber being 66, the llehner nupiber also 
66, Jhe sa[)onification ^umt)er 290*0, aiul iodine nunfber 32*8, 
The “jaw oil ” is a fine product. 

(c) Narwhal Oil^~~N^xy pal^ in colour; almost wh^ite. 

{ii) Sperm Oil. — Southern o)^ cachalot oih from the b^ybber 
and head of the southern sperm whale^ {Physeter* mucrocc- 
phalus\ of which a large fish ^vill yield (irom to 90 Ao^ls 
and 50 cwt. of spermaceti, is pale«yellow to#;liglftly brownish- 
yellow, clear, with a decidedly fishy smell and fairly fluid, 
wkh a specific gravity of 0*880 at l 5'^C. ^t (;p C. it b{;gir#s 
to deposit -spentiaceti, and .stearin at 8” C. • Two*vols, ofTRe 
oil aTe soluble in 10 voLs. of alcohol at tlj» ordinary tempera- 
true; and 7 vyls. in 10 of boiling alcohol. It is miscible 
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with ether in all proportions^, and ^ets skightly under the elaidin 
tJ^t, thus differing fro!n/iy other fish ®ils. 

'I'he spermaceti is sc^|>arate?l Irom the dil by filtration and 
use(Mn making aandies. The alimentary canal and the bladder 
of this whale contain ‘the highly-prized perfume known as 
ambergifis. , ' ‘ ^ 

(cj or Hottlenose Whale pro^Oct is 

colourless to brown, of sligfitly repellent smell, thyi, with a 
specific gravity of 0-885 at 15 ' C.; absorbs oxygen from the 
air and thickens, its specific gravity at the same time in- 
creasing!^ It contains a relativel)' low proportion of solid 
fatty- acids since it remains liquid below 5^ C, with merely a 
slighf turbidity, and only below - 2' C. becomes gruelly in 
/:onsfsUMH:y. It dissolves in 25 parts of cold and 2j parts of 
, boiling alcohol, but separates out again, for the most part, on 
re-cooling. * 

When Seated with nitrous acid the oil exhibits a ten- 
dency to set. ^ 'It contains only about half as much oxygen 
as other fish oils, and consists of:-— 

' 79 '''7 per cent, c.irhon 

* » [ ^36 hydrogen 

^ 677 ,, oxygen r 

lUvi/'OO ,, 

and in •addition to physetoleic acid, etc., about i per cent, of 

sperrfiaceti. Doeglic acid, is probably a mixture 

of physetoleic acid and ,1n allied acid, this being apparent from 
the une\’en number of carbon atoms in the formula. 

There is not much difference between the two kinds of 
^ sperm oil, as shown bytthe following table of constants : — 
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Cnthaloi Aiclic 



S^CM-rm l)il. 

Sprrm Ibl. 

.Specific j^^ravily at 15^ C.*. 


o^So 

• 

,, ,, A>o C. . •*. 


o-S.^»7 

Saponification nunihcr . . . 


i2b-4-t3fo 

Iodine nundit'r ...... 


.So 

Kticiiert number ..... 

i-j 


l'’att\- acid.s f ei cent. . . . . 

tx) ^ 

6i;t)5 

• /^Icohols p{r cent. . .•* . 

. 10-4 «* 

• 374 > 

MtftHiene lest . . • . . > . 

51 ’ C. 

jj’C. 

Retractive index 

• I'4().j6 

'■4655 

These oils 'Jiffer from all other 

oils iti consisting not of 

gh'ccrides esscntiall)’^but^ of etligrs, 

com{K)unds 

of iilcoholic 

bodies witli the fatt\' acid.s. 


• 

Sperm ( V/.- -Owing to tli€ trouhlt 

e.xperienced 

in the nsc of 

sperm oil for burning'in .safety lanq 

s of the J)av)’ t\'j)e, A. G. 

Blakel)' and JC. A. Reilly have made 

a c.'n-efuj investigation of* 


a number of samples of sj)e4*m^oil, some of whicl; burnt vv*;!!* 
and others ba<ll^’^ tlie observations includiuL; lln^determina- 
tion of tlie usual chemical and ph)sic.'i^ «onstants, and, in 
addition, certain physical characteristics, sucl! a^ “ flake Icst,^’ 
“cloud test,” ai*d “pour test*” which are variations of the 
solidif)'in^ point and viscosit)’ tests, and appear to be new. 
Further, they obtained the fatty ficids aiul the alcohols separ- 
atel)-, and also applied to tjiem the usual* methods of'^^nalysis, 
so that the investi<^e'iti.%n represented r coiisiderable jynryjnt 
of work. The saiiij^les^ which ^;ive*tit)ubie, /.c., produced an 
incrustation on the wick, were somewhat abnormal com- 
position, and probably adulterated, d he conjyositir^n pf the 
samples of pure sperm oiUvatied bej^otu^ the limits usually ' 
quoted as ^iven below, compared with the Iwo samples which 
gave most trouble: — 


Specific }:;ravity at r5'6' C. 
Refractive inflex .at 15-6' C. 
Saponification v.alue . 

Acidity calc, as oleic per cent. 


Cure S^erm 0.1. * 
o-S70-<j K,S3 ’ 

0*04-3*60 


IJaflly IturnirDi 
SampIcH 

^ •4X93.1*4600 
,I42-7-I45-7 

1-37-042 


Iodine value (HRiiur) 


83*1-89*6 62*4-64’7 


14 
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/ <t t 

B*dly Burninif 

Fatty*!inhydrid^*s pf-r * . 

Pure Sperm Oil. 

Sample!. 


59*9-60*1 

AIcoHoIk pe#‘ccnt. . , 

33-6-4f)-2'^ 

36*3-37‘8 

Flake tent "Iv ‘ . 

37.S'-« 

_ 

Cloud test 'F. . . 

31-46 

_ 

Fopr test '"F 

24-3S 

37-37 

Fla8h,*point ' C. .... 

-'45-^65 

» 230-270 

Mrc poin^j'^C 

'.^85-300 

i 285-300 

Viscosity (’ragliabue) at 70" !•'. > 


III-. ^ 

1. M !■'. 

.S8-Q7 

86- 

,, (Saybolt) ,, loo'^ )•'. 

no 127 

— 

M M .. 130'' I'‘, 

7.}-.S(S < 


,, ,, iiii" !•'.• 

,’’atty Acids— 

. 46-fo 

— 

Spcc’tfic f^ravity at 15-6' C. . 


•S95--8g5 

'Refractive index at 15-6' C, . 

• r'45«o, 1-4623 

— 

Neutralization value 

. i86‘8-2r6''-' 

2'22'8-224*8 

lodt’ie value (llanin) 

82*2-91 -8 

6.}-9-66*2 

Titre test* 'C. . 

f)'2-i3'6 

12*0-12*0 

Alcohols-- 



Kefracti/e index at 60" C. 

. 1*4383-04491, * 



Iodine value (Hf.nua) . . 

63*9-7'2-5 

39-3-404 

Meltin^^-ppiiU.'C. . 

. •20*0270 

34-<'-35 'o 

Sanonitication value of acetate 

. 189-5-210*0 

198-3 


Experiments were made as to the effect of free fatty acids 
on the bufniti^' properties of .the oil, usln^ proportions 

of oltv’c^acid. Very Jittle influence was. found with quantities 
•under ^4 per cent, only a slit^dit crust pein^^ formed; but, with 
5 per cent, or upwards, a^ thick crust was formed, and the oil 
therefore became quite unsuitable for'buhiini^^ purposes. 

* * Sl’tKMACKlT (VVaLKATII, S1'LRMAC’LT\ 

kaw — The fat* found in the skull cavity of the 

cachalot or spernl whale, and in other species of dolphin. ]n 
the livinjT animal the spermaceti occurs dissolved in sperm 
qd 'but sepatate.s out after dea\h. 

Preparatu^n. — When, the skull is opened the fatty mass is 
collected and stot<sd in large vessels, the liquid sperm oil 
being filtered off and the residue, consisting, of a mixture of 
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^ spcrmaceti^and ^perm f)il, is*{ 3 ressctl! Ici^vin^ behind a cryst^^ 
line fatty mass. This*i^ tr<*aH'c¥ wiilli *a l}'c of, 

caustic potash or soda, to saponif)' ^l!d rcn^ove any adlierent 
oil, after wlii^h it is rej)eatedl\’ wasli^^l with water and re. 
melted over boilin^^ wa^er. 

^Crude spermaceti, which seldom met \\*ifU in cohinurce, 
forms* plates with a foliiceous structure and of about the thick- 
ness of tht finy;er ; is transparent and has a fishy smell, 1 he 
purified article ^nmes to market in the shape of semi-trans- 
parent white, broad, foliaceous, cr^-stalline lum{)s witji a feel 
like talc. According to Benedikt spermaceti is obtained lifim 
sperm blubber by [)ressini;. • 

/V<y»c/'//V.r.- -.Spermaceti is solid, tasteless, inodDrou^^ jind 
may be crumbled between the finj^ers. 


Specific j^ravily at 15 " C. 

„ • (nr C. 

• • 

. . ogtl^-o'gCo 



Solidilyiii^ point . 


/ . .. ,,r .,(} 

.Mehint'-point 


• . * 

Acid number 


u-og-f 3 ,^ 

Saponilic.a‘ion ntimhtr . 

*. 

i 20 '<)-t 34 <b 

Iodine number 



Fatty acids, per cent. 


^ 3 'IS 

Alcohols „ 


. * * 19-54 ’^7 


t • 0$ 

If^the product be tr-^atea several times with h(jt alcohol, ' 
the residual substance has a meltinif-yoint about 5 hij^hcr 
than before. It mat' l?e distilfed at 360 C. withoikt any 
noticeable decomjxisition. When afiplied in a melted condi- 
tion to {)aper, it leaves no ^HOfise sjk^J h<Jn’nd. It is very 
slightly soluble in cold 98* per Vent, alcohftl, anrt*qvf!te fn^ 
soluble in 90 per cent, spirit, but, ofl the othct*hand, dissolves 
easily in hot alcohol, and crystallises out again for the most 
part on cooling. Its solutions flo not reddcF littruis pa[)tf|j^ 
According to Schaedler, i part of sper/na(VLHi is ‘iiluble in 40 
parts of boiling alcohol of specific gravity ®^3i,*the greater 
part separating oiU on cooling. It is, moreover, but slightly 
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Soluble in benzine ano j>eiroieum»spiricj inough readily soluble 
, ill* etbei\ (^Iriorbform, ^>p cAirbon l^isul|5hide. Spermaceti is a 
rnixUire of varirms fatf, but (Contains no' glycerides ; on re- 
crv'stallisation fioin alcphnl the crystalline substance fat—cetin 
c(;t,vl palinitate, ^ i Jbi;. • O . CO . formerly called 

cetyloxMe cet^to or a'thal ;ethal^ite, separates out. According 
to Heiiedikt, spermaceti can, be easily s'iiw)nified with alpoholic 
caustic potash, cetyl alcohol l)eing precij)itated on diluting the 
solution with wxiter, but, according to Schaedler, spermaceti 
can Ik; ^iaponified only with, difficulty. The elementary com- 
pif^^ition of sfK;rmaccti is as under : — 

t * - . . So'<)3 per C(.'iU. 

^ • . 13. J 3 

^ 67:. 

, - -Sj)erniaceti (,annot be easily falsified, since 

its properties are vei*)' remarkably modifii;d^ by any admixture 
that may be made,.a‘;.Kl adulterations arc readily recognisable 
by the increc.sed hardness of the substance, its lack of nacreous 
lustre,'and the small foliaceous crystalline sjructure. Accord- 
ing to Schaedler, wax is frcxpiently added to spermaceti, but 
the (|uantity caiinvt be l.'wge, otherwise it would raise the 
speoificl'gravity and, melting-point or «:iuse the ethereal solu- 
tion to apjjcar milk).* [allow betray'^ itselt b\’ its odour,. when 
meltt;d or by the snifll, ol acrolein produced when a lighted 
wick steeped in the substance is blown out ; moreover, sper- 
maceti^ containing tallow leaves a greasv mark on paper. If 
stpiric acid be adt le(b the sj)cvm,aceti is hardened, the crystals 
are redude^l in size and the mass foams when heated with 
soda solution. ‘The sapoViification value serves for the detec- 
tion of [)araftip. 

In ordO'r td test spermaceti for stearic acid, a sample is 
melted in a'-basin, ammonia added, and the whole stirred and 
lelt to cook, the V[)ermaceti being removed when set, and the 
stearic acid thrown down from the atpieous .solution by hydro- 
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chloric acid. ( 5 n profoiii^cd c.Kposfjrc ^to tlie air sperniaccjv* 
becomes \'ellow and raliwid^ but cjfli*b« rmulered Jit* for ifse 

* f 

a^ain b)’ re-melting and treating witJiMilute^caustic potash or 

soda lye. Spermaceti is scarcel\' aQ'ected f>\' boilini; with 

• - 

dilute sodium carbonati; solution. dilTeriiK^ iji this respect iVom 
steyrin. 

of spcrmaa'ti peti'ormed avA-uimiM^ lo is.el)ler) 
as follow^; I'he melting-point varies between .yz and 47 ’ C,, 
whilst that of ce^in is l)etueen 4S 0 and 555 C'. The specihc 
^^ravity at i 5 C'. is froyi o-pos to ri'<>44. and is, throui^ljout, not 
so near to the latter fii^urc as formerlv' assumed. 1 he saponi- 
fication \'alue ranges from 425 S to i .vfT), whilst Uip acid 
number exhibits wide*fiuctuations 0 0 to 5 ’17) as the yi^e of 
the sample iFicrcases. 

('si's of Sprrf;/<hy/i\ — .Mciiicinal ; fi <uyi loiuaay)' 

also as a palli;ftive for alleviatini; pain and irril^^lion ; cos- 
metic : in j)oniades, etc.; t(‘chnical : /o^ «andK“-mal<in}; (it 
fturns with a brilliant, suKikeless tlaine , eithertilc^ic or in con* 
junction with wak: ; as an addition to dressinj^s (for cloJh\ etc. 

(/) WJialc Oil {Wolfi Sill till (in). Under tlie^name of whale 
oil there comes into commerce the oil iVciin the iJlubbers (T 
various species of wlnlles the most importjjnt ^ieiiij.t 

the ^ireenland or Kii^bt whale (AV/Awo inysticetus), y,\\\\c\\ 
yields also whalebone, the .Sulphur lk)Wom whale {lUihc nop torn 
sibbaldii, Gra\’). the largest of all animals, bein^^ often f^^to 96 
feet lout; and \'ieldin^f too to 140 baroTs of ojl, ihc^lTlmp- 
back whale (d/c<,'Vr/'/'/vvr lonpfnihnii.y 1 \*k1 . f 50 feet lon^^ and 
yieldint^ 25 to 40 barrels of oil, hihabitinj.t Sontljpfn seas, tlTe 
Fin-back whale [BaUcuoptera borf(flis), which*^rows to 70 feet 
long, yielding 25 to 45 barrels of oil^, and, the Bottlenose 
whSle [Hyperodon rostratiim. Miller ,, 20 to 30^Teet*l<yng, inhSi?'- 
tating^chiefl}’ fhe North Atlantic. are mfiny others, in 

all over 70 species.' Such oil has also beeif Imown as train oil, 

' \V. Mansbridge, your. Soc. Chem. Indt.. toi? n 
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•but this term is practically now rtstricfed to the poorer classes 

• o7 blublJei; ('iils *of nil kiitdS. a ryl6 the trade does not dis- 
tinj^yish betweerj the i^ijs from various kinds of whales, al- 
thouLdi there are minoi; differences to be noted. ,• 

' Whale oil is gf a yellow, brown,, or dark reddish-brown 
colcMJr, Its odoilr^ is stron^^ and, fishy. There aVe about /ive 
grades of oil distinj^uishcd in commerce. No. o and '^^o. i, 
very [lale yellow, usitally classed together ; Nor 2, deep 
yellow ; No. 3, pale brown ; No. 4, rlark browy. Other darker 
({ualitieii are classed as “dark whale oij" (Mansbridge). Its 
coi^'i position is not definitely known, but it contains valeric 
and soluble fatty acids. Crude r/halc oil deposits “whale or 
fish^ vtearin ” (»n cooling. This usually has a red colour, 

* smells of fish, apd c#nsistsof palmitin with a little spermaceti. 

, Whale, oil is used in ipaking soft soap, lubricating 
machiner)' ,'111(1 other (uirposes. . *' 

Other feature*, (rf whale oils are mentioned below. 

' (c) ^Vhale Oil, from the luiUcnoptcra horcaliL 

— The'.oil is colourless to brown, and has <i sfiecific gravity 
of 0’(j2() to 0925 at 15 C., according to class. It de- 
posits a little stearin at S’" C., and thickens completely at 
3 C.« kinds have a peculiar, highly repellent smell. 

W^th .ether it is miscible in all prof.ortions, and the darker 
grade;? manifest the remr.rkajile facuky of mixing with equal 
volui;i(!s of alcohol to form a clear solution, quickly separating, 
howeyey, into.oil and an alcoholic solution, 10 parts of alcohol 
taking up 4 vols. (<f the oil. Ff row this liquid be mixed up 
again it revnains' turbid, separating again into the original 
volumes of oil and alc{dufl, the latter containing a little oil 
and stearin. In boilipg alcohol nearly 4 parts are dissolved, 
aj» 1 4 vols.1 c)f thb oil dissolve i vol. of alcohol ' 

Fin-back 'v')il conlajmi : — 
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• 77^0^ yer cent, qprbon 
j2'o5 „ hydrogen 

icrgo • ox/gcA 

toooo ,, 

(/i) GreaVand Whale Oil, from l^ahcna niysltA'fus. — I'he 
carefully prepared oil ‘is honey-yellow in* colour, aud* smells 
aifl:!. tastes 'like fish. SjicVific ijravity at*!^'' (#., 0-92*5 to 
0-927 ;*a few crystals are deposited at Jo' C., which increase' 
as the temperature falls, until, at - 2 ’C, nearly all the stearin 
and a little s}Jt*rmaceti are down. Five vols. of the oil dis- 
solve I of alcohol, ami lo vols. df alcohol i of the dil, but at 
boiling heat 2 vols. of idcohol di.ssolve 5 of the oil; it i.s**ils()* 
miscible in all [)roportjons with ether. When heated *lbr .some 
time at 200" ('. it decompo.ses and blackens. Its elenfeuitarj^ 
composition is : — 

76’.S5 jHvt^cju. carbon 
1 1 ’.So ,, hydrogen 
11-35 „ oxyg^’ 

loo-oo ,, ^ 

The whale ^ils are neutraj when fresh but bccoirre faintly 
acid after a while, and behave: similarly to seal oils under the 
influence of various reagents. 

Fuming nitric acid produces at first ,a brownish coloration 
witt a very slight te*'^lcifcy towards i)lue, turning thereafter 
*brown, and finally blackish-brown., , Sulphuric acid (specific 
gravity, 1*65 to 1*70* colours them brown,, subsequently 
blackish-brown (blood colour in the case of .seal oils^. J'iitric 
and sulphuric acid in equal^volumes g;ve, ^vhen mixed with an. 
equal bulk of the oil, a yellow coloration, ttjrnin^*re^dislt ihid 
.subsequently a dirty brown. Caustic soda Colours all fish oils 
red-brown, as does also syrupy phosphoric acid. • 

'* The various whale oils, all of which depr)sitr stearin 
with a little* spermaceti, near the l^ee7jng [)oirit, are further 
treated for the preparation of sundry comrftferciat grades, which 
are principally #obtained from Norway. The pure oil.s, i.e.. 
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ppile, brownish-yellow to -brown, lare known ♦as “ unpresse( 
wtmle oh ” fronri tl;ie method of production, and are classifie( 
according to colour. When pressed beloij^jjth^ freezing-poi^ 
two different products are obtained — “ whale fat/’ or “ tr^i 
tallow ” arid “ pressed whale oils,” containing no stearin. 
Wha^ oil ha6 .the following constants : — 


Specihe gravity at 15° C. . . 1 . 

o*9i7o-o’9225 

Acid number . 

o-56-98*f^ 

Saponification number .... 

i87-9-i94*2 

Iodine number 

I x)-i-i36-o 

Reichert number 

07-2*01 

Henner number 

93 '5 

Refractive index, at 20" C. . 

1*4762 

IKisaponifiable matter .... 

i’ 37 - 3-40 


2. Seal Oii>. 

Raw Mamial , — The blubber .of the finned mammals, the 
walrus, seal, or sea cow, in the northern and southern oceans 

Preparation . — The carcases are brought to land and the 
skins removed and treated in a special manner. The blubber 
which occurs as a more or less ihick layer between the outei 
epidermis and the actual flesh, is then cut away as cleanl) 
and carefully as possible, the entire sides thus obtained being 
placed^ in*large recipients 9-1 1 yards long and nearly 9 yards 
wide, the bottoms of, which are m?f<le of strong balk% o 
timber and the sides of .wooden posts set very close together 
the oil flowing out through the interstitial spaces. Below 
these 'vessels is a .somewhat larger stout wooden reservoir, 
only some 40 inches in. height/ fqx catching the escaping oil. 
Water is placed in the bottom^ so that any leakage is detected 
without loss of on, the watir serving also to cleanse the oil 
from any admixture of blood. When the upper vessel is filled 
with< blubber ■‘to a certain height the pressure of the m5ss 
commences tOs force outjhe oil, which then runs down into 
the reservoir below. ' The oil requires two or three months to 
entirely exude, but the product is divided by drawing off the 
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oil at certain ’’ntervals, ’storing each lot in separate tanks^ 
etc. The earliest runnings are p^ile, devoid of swell, ^.nd 
form the best quality “light train oil,” the quantity being 
some 10 per cent, of the total 60 to 70>per cent, of oil 
obtained. In proportion as putrefaction progress-es with the 
length of storage, and the cellular tissue is destroyed, the oil 
runs ^way more reddish-yeliow in colour, the shade deepening 
continuously by reason of the spontaneous and progressive 
heat evolved in the mass, until finally the oil is a dark brown, 
and possesses a disagreeable smell and taste arising from the 
decomposition products ' evolved. When, after a lengthy 
period, the oil ceases to flow, the entire stinking mass is 
shovelled out and made up in smaller heaps, the oil thereafter 
escaping being collected as ,an inferior quality. The rcsidut^;, 
still remaining is boiled in water in large i /on pans, which, with 
the fleshy andj)ther portions tbgether, do not contain enough 
oil to run out spontaneously. Durij^g the boiling the oil 
.ascends to the surface and is skimmed off, vvhile the residue 
after drying, forms a good manure. 

(a) Seal Oil, Sea-Dog Oil, from the common seal, Phoca 

vitulane. — In commerce there are two graded?, the pale and 

the dark oil ; it is tbjnner than the first seal oils, has a specific 

gravity of 0*9250, and^ dbVs not deposit stearin untfl - 2° Q. 

‘is reached. One hundred vols. of cold alcohol dissolve r vol. 

/ 

of the oil; hot alcc/liof from I'o to 12 vols. ; 10 vols. of oil 
dissolve vols. of alcohol. The fresh .oil does not show an 
acid reaction. . ^ 3 . 

* *9 

ib) Archangel Seal * Oil, * Sea-Calf Oil, from the Phj)ca 
lagura. — Colour pale yellow to h^own ; spocific'^ gravity at 1 5° 
C. = 0*9155 to 0*9165, the various grades having the follow- 
ing densities : — ' « ' , ' , * - 

• Pale Archangel seal oil . . at 15^ C. = o'giSs 

Brown „ ,, . . . - 25^ C. = 0-9170 

Sea-calf oil ^ if;® C. = o-otcc 
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^ The product has a weaik acid r^aclicn and deposits stearin 
at*<\3° C. IQO w)ls. of cpld alcohol dissolve ^ vol., and hot 
alcohol 8 to 9 vols. of the oil, po vols. of the latter taking up 
vois. of alcohol! 

(c) Greenland Seal Oil, from the Phoca Greenlandica , — 
The cbnjimercial. varieties have the following 'densities at 
1 5° C r ' 


Clear pale Greenland sefi oil, specific gravity 

^ o-gig 

Clear brovv^n ,, „ „ . . 

= o-g2i 

M M . 

^ o-g24 

Boileft ,, „ ' „ . 

. = o’gafi 


The ^grade known as Greenland ' ‘ Three Crown ” Oil is a 
mixture of various fish oils, principally seal and shark oil, the 
less important constituents being very small quantities of 
^vhale and walrus oils. The seal oil used for this product is 
the so-called “ foots,’' ie., the sediment obtained' in the boiling 
and clarifying of seal oil. This forms the chief component, 
the shark oil thinping down the “ foots,” and imparting special 
properties on account of its low specific gravity. 

The 'Swedish ''Three Crown"' Oil is also a mixture of 
various seaV oiU with ordinary fish oils. Both kinds are met 
with adulterated with fatty vegetable oils, r. The specific gravity 
af the “three crown” pil is 0’923'. ^fhe Greenland “three 
cro^\^n”'oil deposits stearin below 5“ C. The ratios of solu- 
bility iii^lcohol are as follows'; — '' 

106 vols. of cold' alcohol' I vol. of oil, 100 vols. of hot 
alcohol' 9 Vols. of oil^; 10 vols. of op dissolve i vol. of alcohol ; 
lOdf/ols. of oi 4 **require 7^ vols.cdf ether for their solution. 

(d) Newfoundland Seal OH. — The yellow, inodorous, darker 
and strong-smelling commercial varieties have densities of 
0-927, 0-927 a«d' 0*927, respectively, at 15° C. The settirfg- 
point is below C., j^nd Jthe solubility ratios the^same as the 
pre(peding class ' l ‘ 

^ {e) South Sea Seal Oil, from the long-nosed seal, sea 
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dephant, sea *lion, eAre’cl '.^eal, or •New Holland seal, is p^le 
yellow to brown in cdpur and has.^ specifio gravity of o;^2i- 
0*930 at 15° C. ‘ 

All walrus and seal oils have a disagl^eable smdl, that 

of the brown kinds, which is due to putrefaction products, i 

being the*least supportable. They contain gelaijn' but no 
* , • • ■ * * * 
albuminoids; the fo/mer may be precipitated 4 )y treatment 

with pigments and metallic salts. » The specific gravity al 

15'' C. ranges^from 0*91 5-0*930; they are but slightly soluble 

in alcohol and require almost their own volume of ether to 

effect their solution. A few already deposit stearin JdcIow' 

5* C, others set only 6elQ,w zero C (at - 2" to C.) to a 

solid mass. When* quite fresh their reaction is but faintly 

acid, but the percentage of acid increases with age.' They 

■contain principally glycerides of physetoleic, atearic, palmitic 

and (a little)«leic acid along Vith small quantifies of buT:yric 

acid, valeric acid, etc. 

Light-brown Greenland oil consists bt 

77*10 pe^ cent, carbon 
13*50 „ hydrogen 

9*40 ,, oxgen 

100*00 „ 

Seal oils vary in coVi^position according to theft'origin ^nd 
■quality, the following figures having been recorded • 


specific gravity ift C. . 

0-922-0^336 

Solidifying point ...... 


Free fatty acids 

0-2-24-0*0 

Saponification number . • . • . • 

. 178-196-2 

Hehner number . . * . * , 

^ 2 *&. 95 * 8 ^ 

Unsaponifiable matter .... 

0-38-1-05 

Refractive index at 20° C 

-4816-1*4823 

Reichert-Meissl number 

0*96-1-69 

Iodine number . . . • . . * . 

, 124-2-193*^ 


Fuming nitric acid gives a rej-browh cqloration with all 
seal oils. Sulphuric acid (specific gravXy, i *^5-1*70) gives at 
first a reddish-yellow, then reddish-brown, and finally bro^^n- 
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(blood-like) colour. Nitric acic|,?ind sulphuric acid — equal' 
volumes— stain them a re(jdish tinge atiirst, turning to brown 
and finally dark-brown. 

The tests for adulteration with other oils are directed to 
! detecting other fish oils and rosin oils, which can be recog- 
nised on k^e one hand by their greater solubility^in alcohol,- 
and on the other hand by their incomplete saponification. 

Marine Animal Oils . — An article in the Bulletin of the 
Imperial Institute (April-June, 1918) is devoted to a series of 
samples of marine animal oils which were prepared in Adelie 
'Land^by the members of the Australian Antarctic Expedition 
of 1912-13. These samples, thir1;een in number, were for- 
warded' by Sir Douglas Mawson, who is of opinion that an in- 
dustry* in these products is capable of being developed, pro- 
vided that plans are first carefully considered and worked out 
before actual operations are commenced, and thr.t some form 
of protection is devjsed^ to prevent the extermination of the 
^nimals. The , samples, which were examined in the labora- 
tories of the Institute, consisted pf five samples of sea leopard 
oil, .seven samples of Weddell seal oil, and one sample of 
penguin oil. These were extr^icted by different methods and 
from some., the “stearin ’’had been remo’^ed : no doubt this 
co-uld be done very effectually at such., low temperaturesaas 
they must have been sujpjqcted to. The oils were all pale 
yellow or, golden yellow in colour, except the penguin oil, 
which was brownish-yellow ; they had one property in common, 
and that was their fishy odour. Ip the article referred to, 
analyses of all the oils are givea,' and the maximum, minimum 
and mean results a.e also bri)ught together in a table which 
wp reproduce below : — 

' .. Sca-Lcoparh Oil. 



15° C. 

, Sp. gr. ah , 

, ^ 5 ” -• 

Saponification 

Value. 

Iodine 

Value. 

Solidifying 
point of 
Fatty Acids. 

Max. . 

. . ' 0 925 

191-5 

127-5 

11-9'^ C. 

Min. . 

0-924 

193-7 

1197 

M 3° 4° C. 

Mean . 

0-9245 

194-4 

123-8 

— 



SEA-ANIMAL A^D FISH OILS. 


22 ] 


I i 


, 'Waddell Seal nil 



I5« C. 

Sp. gr.^ 

Saponi£calion 
, Value.' ’ 

lodini 

’’ialue. 

Solidifying 
pf lint of 
Fatty Acids, 

Max. . 

0 * 93 1 

201-51 

147-8 

’ 19° C. 

Min. . 

0-924 

r 92 *o 

ii2-)i 

i6°-i7'^>C. 

f Mean . ' 

0*9275 

195*1 * 

134-6 

1 

3 

Peuiriiin Oil. 

* 



0*932'* ‘ 

197 ‘5 

T2&'9 * 



Several* samples of these oils were .‘jubmitted to a large firrh 
of importers, who were of opinion that the sea-leopard oils were 
equal in value to Newfoundland seal oil, which in December, 
1917, was worth i^ioo per ton, the Weddell seal ‘bils would 
compete with No. i whale, oil, valued at ;£‘55 to £^6 per ton, 
while the penguin oii would bo worth about as much'^is crude 
whale oil. 

3. Fisai^(Waste TraTn) Oils (Fisciiti-trane). 

Raw Material . — Small fish, sue)/ as. the herring, sprat, 
sardine, sardella, pilchard, .menhaden, or the waste material^' 
therefrom, and from smelt, sfulmon, sjlurus, sturgeon, etc. 

Preparation . — The heads, gullets and entrails of the 
herring, sardine, sardella, etc.* as well ^s the \\diole fish of 
some kinds, whetf canjjht in excessive quantities ^nd not- 
olfherwise utilizable-^perhaps already in a state of putref^c- 
tion— are boiled with water ^in kiage iron pans, the fat col- 
lecting upon the surface being skimmed off, glarified in large 
vats, and packed for sale ; the residue finds employihent in 
the manufacture of fisb gTiano. The* use of sulphuric or 
hydrochloric acid has been found adv^ntag|flus’in Bdllirig. 
In another process the fish are Sprinkled with 5 per cent, (by 
weight) of a 45" Be solution of ferric chloride or ferric sul- 
phate, which preserves them unaltered fbr feJuf or fivS^^days ; 
tl¥iy are then beaten to a pulp, and^ pressed? by which means 
a large quantity of water and oil is f( 5 rced but. The press- 
cakes are eaSily dried, becoming friable and pulverulent, and 



222 


‘ ^ ANIMAL FAIS AND OILS. 

cap be pressed a second tiiije between hot plate/-., or extracted 
witl; volatile solvents, whi^reby a further quantity of oil can 
be recovered Oil can also be obtained from such fish and 
fish Wctste by means ot the centrifugal separator (German 
.patent, No. 23,974). 

The fisjh oils roay be classified as follows : — 

(a) Herritg oil^ Swedish fish oil^ Russian fish oil^ AstracJ.an 
herring oil ; 

ib) Sprat oil ; 

(c) Sardine oil, Italian fish oil, Mediterranean fish oil ; 

(d^ Pilchard oil, Spanish fish oil ; 

(e) Sardella oil : 

^(/) Menhaden oil ; 

(g) ' Salmon oil. 

, Generally these fish oils have a specific fishy taste and 
smell, and are pale yellow to brown in colour, wvth a specific 
gravity of 0'9i5 to at 15° C. Near freezing-point they 
deposit stearin. iVlcohol takes up only 2 per cent, of the oil in 
the cold apd 3-5 per cent on heating, and 5 vols. of oil require 
2 vols. of ether for their solution. All (waste) fish oils are 
browned by fuming nitric acicj. Sulphuric acid of specific 
.gravity i *65, to 1 70 imparts a characteristic greenish colora- 
tion at firsf, turning to bfown, and finally quite black. SqJ;- 
phuric and nitric acid in e^ual volumes, mixed, produce at 
first a yellowish, then greenisn, and subsequently brown 
coloration. Menhaden, oil possesses drying properties and has 
been used for a paint oil. ^ 

Meahaden Oil. — The menhaden \Alosa menhaden) is a 
small fish of the herring tribe, about 8 to 14 in. long, which 
occurs in large numbers off the coast of North America. Re- 
cently Cl very interesting and full account of the menhaden- 
industry, by W. Turrentine, appeared in the journal of 
Industrial and Engi.rermg Chemistry from which the fol- 
lowing notes are taken : — 
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, The history of the meixliaden fishery is traced from before 
tht,advetft of white settlersaon the Apierican continent, when 
the Indians of New Engl,and fertilised their crops by means of 
fish. ' Later it w^?s' found tliat the oil contained in the fish was 
of no valt?e for manurial purposes, and that it could be 
readily removed. .. Hence rough and ready methods of extract- 
ing the oil Trere devised. The mkhod most generally in'use 
' was to place the fish in , barrels, along with water, and cover 
them with boards. In a few days putrefaction set in, the des- 
truction of the tissues allowing the oil to escape and rise to 
the surface, from which it was removed by skimming. This 
method was also taken up by the white settlers, but in course 
of timt It became superseded by the method of cooking the 
fish ill "pots, and submitting the mass to pressure, the result 
being a bettec class of oil, less offensive smell, and shortening 
of the time,' besides which the fish scrap was(wobtained in a 
drier and better condition for handling. Later the method of 
cooking in pots was replaced by steam cooking, the first' 
factory to adopt this process being a small one erected near 
Portsmouth, Rhode Island, in 1841. Since then the industry 
has gradually developed, hapd presses introduced in 1856 
giving Wc^v to hydraulic presses in the y^ear 1858. In 1876 
“cifloating 'factories” were introduded,^;these being equipped 
with' boilers, cooking vats,^and presses, but, owing to lack of 
storage'-room in them they wefie gradually* abandoned. 

In''i884 the busii^ess reached almost its high water mark, 
858, 59*2, &91 fis'n being caught, yielding 3,722,927 gallons of 
oiliUKd 68,8f^3 tons, of scrap. .. “The 'smallest catch during re- 
cent years was in< 1892, whan 223,623,750 fish were taken. 
The average number taken during the last 30 years is approxi- 
muteiy 500,000,000 fisn. The' incomplete figures for 19L2 
indicate, however, for that year 900,000,000 fish. ' 

At present itherfcdar^ about forty factories on the Atlantic 
seaboard manufacturing fish scrap, most of thqm being in the 
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States of Virgmia anil j^or^h Carcflina, the i:entre of the iif- 
dustry being the Chesa^eal^e Bay fegiop. ^ 

The fishing ushally comnfences i^bout Aprif, and ends in 
November, fhe unloading of the vessejs bein§ mostly done by 
bucket elevators, which raise the fish on to the quay side, a^id 
deliver therft into bins for^the purpose oC rQeasurmg. .The 
fish,*/)f course, vary jn size, bi^; it is considered that looo^ 
fish measure 22,000 cubic inches, thenefbre this bulk, whether 
it contains SOO^or 2000 fish is counted as 1000 ; the weight 
is approximately 666 lb., and equals 34 barrels. From the 
measuring bins the fish are allowed to fall into storage tins,, 
from which they are taken tp the cookers. 

The old method cff cooking in open vats is still in use, biit 
the newer method of cooking by stean\ is more exj^ed 1*1 ions,* 
and, moreover, is continuous, the fish b^ing fed into a lon^ 
narrow cylindor provided with a screw for carrying them for- 
ward, while the steam is injected dir,*cj:ly among the fish. 
•The capacity of such a cylinder is about ioo,©6q per hour. 

The modern^ screw press consists of^a truncated cone placed 
horizontally ; through the centre of this cone passes a shaft, 
on which is built a screw tapered to fit cone-sfiaped curb. 
The rotation of the screw prries the coqked fish fo^a];d into 
the^mall part of the c’^rb* where it is. submitted to pressur(f 
The expressed material is forced tlyough the slatted sides of 
the curb, the water *ancl oil bemg caught by ^ metnf shield 
surrounding the press, from which it is* conducted by T>ipes. 
leading to the' oil room. ^Tbe fish §crap passes out of the • 
small end of the curb, and falls*i«to the buckets^# a <?onv^})^c, 
from which it is delivered to the drying-roo/h. 100 lb. of the 
mass coming from the cookers contains 22 lb. of dry matter. 
an<i 78 lb. of water. In the pfess 56 l 5 . ar^ removed, le^ifg 
a mass of 44 'lb., consisting of 22 Ib. ,of dry* master and 22 lb. 
of water (50 percent.). The pressing*is tfoth automatic and 
continuous. 


15 
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' ^ Fig. 74 showG a batter/ of “ Co.icentLator ” drying machines 
, cohstructe(j 'by Rqse, Downs & Thonipson, Ltd., for drying 
fish waste for conversir^n into meat meal or manure. The 

(r ^ • 

standard size of the cylinder is 13 ft. long by 5 to 6 ft. 
diamete;r. It is constructed either of .steel or of cast iron and 
is jacketed for steam heating. J^he machine will hold to 
f l-f tons of offal which is dried in about eight hours. 

The hot air drier f6r drying the fish scrap is almo.st uni- 
versally employed. This consists of an insulati^d iron cylinder 
about 6 ft. diameter and 30 pr 40 ft. in length. It is provided 
inside with a series of iron flanges, or shelves, about 8 in. wide, 
running .the whole length. These, are for the purpose of lifting 
the scrap and dropping it through the hot air. The cylinder 
'Is rotatec^ by an^ electric motor, a forced draught of hot air 
’teijig induced in it by means of a fan. The wet fish scrap is 
charged intq one end, while the dry scrap falls out of the other 
into a brick chamber, \from which elevators remove it to the 
bagging room. The transit of tlie material through the djier 
occupies from 3 to 2Q minutes, in which time the moisture 
content is reduced to about 7 per cent. A million fish will 
produce 75 to 85 tons of dry scrap. 

Withf'j'egard to menhaden oil, it is stc*ted that this oil ap- 
peared , on the market in the early ^dxties in consider:.ble 
quantities, and commanded very high price.s. In the nineties 
the annual prcjduction exceeded 2,000,000 gals., a figure which 
has been closely maintained. The price in 1865 was $i 40c. 
per gal., but it gradualjy fell to Jr7c. in 1905. The present 
price’ is 23c. to 28c.‘' per gallon. 

The mixture of oil and water running from the presses is 
conducted to the first or uppermost series of tanks, in which 
it is allowedTo stand, the water and oil separating. This may 
be hastened by heating with .steam, for which purpose coils are 
provided. The oil is allowed to flow by a suitable arrange- 
ment of weirs through a series of tanks in which by means of 
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Stronger heatings by steam, it is gradually purified, the water 
rand' fine pa<:t’Icles of fish settling out ‘’'The deposit, known as 
“gurry,” is either %old tO'^oap-makers or is pressed in bags for 
the recovery of the oil it contains. The purified oil is run 
into bsrrels. 

The J'ield o^" oil in different y^tiars and seasons varies ccn- 
. siderably. In the year ipoc?, the yield' ranged from 3-51 to 
6-39 gals, per lOOO of lish. The fish taken in the'Tall give 
the highest yield, /.e., 12 or even 15 gals, per j'OOO fish. 

Crud9 menhaden oil varies in caloiir, from light amber to 
darlt brown. It was formerly used an illuminant and for 
currying^feather. It is used verylargely as a paint vehicle, as 
aiubricant, and as a soap-making grease, as well as for tem- 
"pering steel. It.maybe used as a paint oil, either mixed with 
25. per cent, of linseed oil or c^long with a drier, preferably a 
tungate, one made from tung oil by boiling’' with a lead or 
manganese compO'dnd.\ 

The Fatty' A'cids of Menhaden Oil . — The determination of 
the composition of a mixture of fatty acids b not always an 
easy matter, tljerefore a paper by E. Twitchell in the same 
journal is especially welcome*. The method employed was a 
modificarton of the well-known process' of determining the 
mo^pcular weights knorwn as the fre«^^ing-point or Radtilt’s 
metho^. In this case tke'solvynt is a pure fatty acid of known 
melting^- point* which being oije of the constituents of the mix- 
ture ^ha4 no i;ifluence on the freezing-point, the depression 
^ found being due to ‘the* other a'cido present. It was assumed 
'for this purpose that the fatfy acids present in common fats,* 
having about the same molecular weights, had practically the 
^same influence, .which Js' near enough to the truth, the depres- 
sion in thcr freezing-point being 4° when 20 parts of one acid 
is added to SG/ parts 6f another, used as solvent. The method 
is applicable only to solid acids, but it can be extended to the 
liquid acids by examining the solid products obtained by 
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hydrogenation f oleic^in?)11(j, linofeaic, and c^upanodonic aci<l 
on hydrogenation all yielding steawc^add, and al^o t» the jVo- 
ducts of fusion with caustic potash, ^unsaturated acids of the 
oleic series yielding solid acids wifh two lAs carbon 5toms, 
oleic acid, for* instance, being converted into pafmitic acjd, 
erucic acid ‘into arachidic acid, etc. The membeij of the 
linolw: series yield scjid acids with four less cafrbon atoms, 
linolic agid, for instance, passing into,myristic acid. With re- 
gard to acids with three and four double linkages, no experi- 
ments have yet been recorded, but they probably form acids 
with six and eight less carbon 'atoms respectively.' A ^des- 
cription is given of the* methods of preparing pure^myrlstic 
acid : M.p. 5376", fffDm nutmeg butter and pure arSchicJic 
acid, m.p. 7478°, from the .erucic acid of rapeseed oil ft)r uso 
as solvents and the effect of adding 20 pifrts'of •ne acid to 8® 
parts of another on the melting-point, the acids examined bSng 
behenic, arachidic, stearic, palmitic, and-rnyristic. * Full details 
are given of the method of determining tb<i Jatty acids in^ 
menhaden oil in the original paper. In a previous communi- 
cation in 1914 the author gave the composition as* hxr as it 


could be ascertained as : — , 

• 

• 

Palmitic acid , , . 

. . 227 

per cent. 

Other solid, saturated acrd% 

.* . ir8 


'* Unsaturated acids witil^iO carbon atoms ‘ 

. . None 

>> *1 

„ „ „ M 1, / , 

. 267 

M ,, 

„ M »,I *22 „ • „ 

. . 20 ’2 

• 

»i , n 

Other unsaturated acid.s . .• 

. 



lod’o 

4 

The figures are now : — 

• « 

> • • 

Palmitic acid ... 

22*4 

per cent. 

Myristic acid 

• 

. 9-2 

M 11 

Stearic acid , 

. r8 

11 M 


Unsaturated acids with 16 carbqn atoms •. ^'Jone ,, 

Unsaturated acids with 18 carbon atoms — 26*^ • 

- 1*8 per cent, stearic acid . . • .• . 2449 ,, 

Unsaturated acids with 20 carbon atoms . #• 22*2 ,, 

M n It 22 „ I, . • 20*2 „ 


lOIO 



230 


AiMMAl. l^ATS AND OILS. 


The| fishery department ot the IVTacIuas Government have 
be^ii carrying tout investigations into thp production of sardine 
oil at their"^ experimental station at Cannanore and later at 
Tanui; which ha5> proved very successful. This has resulted 
in the founding of a new industry, there being* in 1909 only 
one private factory in operation wherea*s at the beginning of 
the 1911-12' season there were ^some ^40 or 50 small, *fac- 
'tories producing the ci'ude ofl in Malabar and South,Canara, 
and similar developments were regarded as likely to take 
place also in Cochin and Travancore. 

Several samples of the different grades of sardine oil ex- 
tracted at, the Government Station were examined at the 
ImperiaF Institute in 1912, the figures obtained for the yellow 

lOO'" 

oils being. as follows: Specific gravity at -o C, 0*876 to 

, ' ^ 15 

0*878 ; acid Value, 1*8 to 7*1 ; saponification valup, 193 to 198 ; 
and iodine value, 154. to 159.' Two crude brown oils had 
acid values of 35*0 and '33*5 respectively, otherwise the figures # 
were the same. As the iodine values of these oils are practi- 
cally the^same as that of cod oil (about 155), which is used 
largely for Leatlrer dressing, it Js suggested that these sardine 
oils wbuld^ probably" be suitable for the ^ame purpose. The 
iqdine vaf&e varies directly with fhe^ tendency to oxicjise 
und«- favourable conditions, which latter is an important' 
property in oils for leather dressing. '' ‘ 

, , 4. Liver Oils (Leberthrane). 

Ma^maL-r-T\\Q livep*? of the following fish : Cod, 
ling, haddock',' coal-fish, me^langus, or pollack, sea-pike, or 
small cod, shark (comrnon shark, great shark, ice shark, 
hamiper-heade^ shark),' ray (prickly ray, smooth ray, spiny 
ray),^ skate. ' . 

Preparation ^ — The process of preparation is not univer- 
sally the same, being carried out with greater (jr less care, so 
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that, naturally,* the j»rocVc{s dif?e» very considerably wit^ 
regard to colour, taste r^^id smell. 

I. After the ca*tch the liv(?r is cur^oui ot tne )!sft, collected, 
cleansed frop blood and adherent eVtrails, aftd placed ib tall 
upright casks fitted with three taps at the side aiM exposed 
to^the sun. ' By the heat of the latter, and’ako that (jeveloped 
spontaneously in the, mass, a liquid is obtained# resembling 
poppy oil, known as “clear pale livec Ml ”. This product is 
drawn off through the two upper taps, and the contents of the 
cask are then weighted with stones. The oil obtained from 
liver which has been long stored is never so clear* and^well 
flavoured as that from fresi;. In the course of further spon- 
taneous heating and* the resulting putrefaction a* further 
quantity of oil, known as “slear brown^liver oil,” is obfained, 
which is drawn off through^ the bottom Ifap.* The residue i» 
the cask is bf)iled or roasted* in iron pans, vielcling “brown 
liver oil ”. 

^ 2, By steaming the liver — a method’ cakdl^ted to advan-^ 
tageously replace the putrefaction process — finer and more 
limpid oils of milder flavour and almost neutral reaction are 
obtained, whereas the .self-run oils are ajvyays* decfidedly acid. 
In the steaming prpces§,^ the well-cleaned livers fped from 
bl^d and cut up smalj are treated with low pressure stea«a 
in closed vessels, whereby the tis>SLjes contract antf tlfe oil 
runs out. The jVofluct from the cod thus ob^iined is 
“medicinal (cod-liver) oil” or “steam»liver oil,” and* being 
mainly prepared at Berge^i in Norway, fs met wit!i fn com- 
merce as “Bergen cod^iver *«5ir’. In •the sa»ie ^a>* .ilso 
“ Newfoundland” and “ Labradar cod-live.» oils^ are prepared, 
these differing from the first name^l only by the somewhat 
larger content of stearin, whith commences to deposit at 7 •to 
5° C. The* residues from the steaijiing i 5 rocess are pressed, 
yielding a second, rather more highly-odlourcd oil. In the 
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preparation of liv^er oii by «team tl^e loll»wing points have to 
be’^*'<?bserved :r- 

(1) Great ^are rnust ^e exercised in the selection of the 

liver, &nly perfectly soundf livers — but not green,, reddish or 
blackish pites — being chosen, since the coloure’^ kinds speci- 
fied are otily fit for tanners’ oil. Livers which hSve lain for 
more than tf/elve hours in summer or *twenty-four hour.? m 
winter are no longer sdit^ble for medicinal oil. • 

(2) Extreme cleanliness must prevail, and ^both the liver 
and the vessels used must be cleansed with hot water every 
time^ ' 

(3) The liver must not be heated above 70” C. nor ex- 

pqsed Vo that temperature for more than' forty-five minutes at 
theoiltside; the shorfer time it (s heated the better is the 
resulting oil. ^ ^ 

^(4) Filtration must be carefully perfornjed in order to 
remove even fhe ve^y finest solid particles from the oil. Dur- 
..ing the entire /Dfocess the oil must not be exposed to the^air ' 
more than is absolutely necessary. 

(5) Pressing is a method employed chiefly in Scotland. 
The fresh ‘liver, thoroughly , cleaned and cut up small, is 
heated m iron pans to^8o°-90° C.,and continually stirred until 
ccn verted *into a pulpy, mass, which i,^ then placed in large 
calicb bags, filtration t^k^ng place whilst hot, the residue' 
being subsequently pressed for removal ^of the residual oil. 
At I5 ''-i 6'’ C. the oils deposit a considerable quantity of 
stearin,* which *is re^noved by flittering. In other cases the 
v^pk’-d’leartedand perfectly fresH livers are heated along with 
water to 80“" t. unVil all the oil has exuded, the latter being 
^kimmed off and filtered cthrough flannel — a second filtration 
foUowing in older <10 remove thfe solid matters which depojjlt 
on standing. 

The percenttage^rtf oVl yielded by the liver of the cod varies 
fr6m 44 to 57i (Moeller). The stearin” whiah separates on 
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cooling cod-livtr oil^is not, like that of bee/ stearin, since k 
contains a large quantity^of unsatiyafed substance’s, as^'^fie 
. following figures by Heyerdahl show^: — 


Steam prepared oil . 

,, freed from solid fat at 
Stearin freed from oil by pre^iing 



Iodine number. 
/ 140*1 


The following are the principal li';ef oils : — 

(a) Cod-Liver Oil (Kabljauthran, Dorschleberthran, Le- 
berthran). 

Of these there are many commercial v arieties : — ' 

(a) Clear Pale Liver Oil. — Colour, golden yello^ ; odour 
characteristic, not di;?flgreeable ; flavour fishy but not 'bittf^r ; 
reaction faintly acid to • litmus pa^er; specific gfavity; 
0‘9g3 at 15° C. ; solubility ,^2*5-27 per (?ent. in cold, 3’5-4'i 
per cent, in h«t ^Icohol. Used chiefly for medicinal purposes. 

iff) Clear Brown Liver Oil. — Colopr, cheknut brown ; 
srr^ell and taste, strong, bitter and irritatio^ to the throat;^ 
reaction, more .^jtrongly acid to litmus paper ; specific gravity, 
0*925 at IS^’C. ; solubility, 2*5-3 per cent, in colcf, 5-6 per 
cent, in hot alcohol. Also used for medicinal emulsions. 

(7) Brown Liver* Oil.— DaxV brown.^ occasionally^ bjackish- 
brciAvn in 'colour, greenish \o bluish-green by transmitted liglft, 
transparent in thin layers ; peci>li^r, unpleasant, empyreu- 
matic odour and bTtter taste, liighly irritating^ to thje* throat. 
The oil strongly reddens litmus paper, and has a specific 
gravity of 0*929 at 15° C., Alcohol (jiss^lves 57"6’5 percent^ 
in the cold and 6*5-7 per cent* at boiling •temf^fatifre ;*eth^r 
dissolves it in all proportions. Used undef* the name of “cod 
oil” in the leather trade. • • 

0 • 

* It was shown by Heyerdiihl that cod-liver •ojls contaiifed 
very varying quantities of hydroxy acids,* which were due to 
oxidation taking place during extractibn. These hydroxy 
acids are very detrimental to the medicinal oil, hence the 
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heating of the livers and tbeiV exppSifre ito the*atniosphere is 
curtailed as njuch as possj^blc (MoeHer^* 

^ For ascertaining whetjier a ‘‘tod oil ” is'suitable or other- 
wise ffir use in fife tanning industry, Liotman jnd Peters 
(Joiir. Socf. Chem. hui.^ 1902, p. 693) use the following 
process* (5 '5 to i •grfn. of the oil is weighed out fnto a flask 

• * f • * 

of 400 c.c. cr.pacity, and shaken well wi|h 150 c.c. of water; 
*^5 c.c. of normal perfti^nganate solution is added and well 
mixed. The mixture is allowed to stand for two hours, 
shaking at frequent intervals. At the end of tv/o hours the 
mixture is' filtered from the black precipitate into a 250 c.c. 
flask* and water added to make up^o the mark. 50 c.c. were 
taken c 5 ut and titrated with normal ferrouli sulphate. A blank 
axpcrifnent is made at^the same time, and the difference in the 
two titrations gives the amount of oxygen required to oxic|ise 
the oil. As 'the oxidation value increases the^mcre unsuitable 
becomes the o'il for jeather making. Good oils give oxidation 
^figures of 10 t9 2g ; while those which are useless give figures • 
ranging from 46 to 85. The, iodine value^ saponification 
value ancl acid value are of no service in determining the 
suitability c/f co 5 oils for treating leather. 

Proj^eriies of Cod-Liver Oil. — These, so far as regards colour, 
smell, taste and solubilijty, have been already detailed. Pie 
elementary composition is follows: — 

* e f 

75 'gi per cent, carbon 
♦12 22 „ hydrogen 

I '87 ,, oxygen 

f r- ' • 

100*00 ,, • * 

Cod-liver oil is*a mixtureof numerous glycerides : those of 
oleic, therapic, jecoleic, si:earic and myristic acids being the 
mwst # prominontl <also* hydroxy acids or their glycerides?; 
and, moreover^ contains Jree acids such as butyric, acetic, 
gadoleic acids, and ^11 ‘constituents such as fellic acid, cholic 
acid, bilifellic acid, biliverdin, bilifulvin. Am^mg the bases 
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present are small quapti)i?les of tr1n]efhylamine, propylamine^ 
amylamine, hexylamine, and a new. base, hydrptoh id ine, boil- 
ing at I98°-200'’ C.», as well as* two non-v 61 atiI(i bases, asel- 
line and morruhine (yellow oil, 2'5-3 per cent? white oil, •i ‘5-2 
per cent. ; bro^n oil, 4 '5-6 per cent oT morruhine). » Most of 
these were the product^ of decomposition 'focmed durifig the 
putroCaction of the livers an*d are not found in th^ medicinal 
oils of to-day. 

Therapic acid was found by Heyerdahl to have the formula 
and to be a highly unsaturated acid of a new group, 
absorbing 8 atoms ' of ‘ bromide to form the Cvompound 

There are likewise, present, in organic combination, 'small 
quantities of chlorine, bromine, iodine, sulphur and phosj^horus^ 
compounds, along with the sulphates and 'phdsphates of lime., 
magnesia and .^oda. 

(/;) Coal-Fish ( 1 ^/ 7 (Saythran, Sayleberthran, KoKlfischthran). 
»— These oils correspond in flavour and smell* with cod-liver 
oil. Cold alcohol dissolves 3-4 per cent, hot alcohol 6 '5 per 
cent The chemical composition agrees with the foregoing 
oil. Coal-fish oil exhibits the peculiarity of depcsiting solid 
fatty acids at 5°-io''jC., of which it contains, according to 
the ^researches of Krenjel, 'twice as large a quantity as cod, 
Hver oil ; although it should not^ be forgotten tha't their 
amount depends on ^thdmore (A* less careful removal ‘of the 
stearin during the preparation 01' the oil. . The specific gr.avity 
is 0'925-0'927 at 15" C. 

O Shark' s-Liver 6^//* (Halfi,schthran).r-Thckjivar oi Jhe 
shark is very heavy, often weighi^jg as muck a^i ton (giant 
shark) and yielding some 5 cwt. of oij. 

* The colour of the oil is paie yellov/ and* de^r, and it* still 
remains liquid when cooled to 6*" C. ; jts ’specific gravity is 
0 ’9 1 05-0 '9 1 77, at 15° C., a shark’.s-liVer# pil ^yith a higher 
specific gravity ^than this being always regarded with suspicion. 
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The smell is peculiar, but not v^ry^regellent,* like the taste, 
wh^h pt>odiv:es^an irnt^ting after-efifjpct. Ten vols. of cold 
alcohol dissolve i vol., j;iot alcohol 4 vols; ; i vol. of ether, 

I vol.* of oil. Thd oil burns with a bright flame without car- 
bonising the wick. The constituents are the s^e as in cod- 
liver oil, jDut in different proportions ; the amount of iodinejs 
somewhat larger. ^ ^ 

[d) Ray-Liver OH (Rochenleberthran). — Colour, pale or 
golden yellow ; taste and smell less unpleasant than in ordin- 
ary liver oil ; it exhibits no acid reaction ; specific gravity 
at 1^1;° O., 0'928 ; cold alcohol dissolves 1*5 per cent., hot 
alcohol 1 4’ 5 per cent, cold ether | vol., boiling ether 88 per 
cqnt *'f^ear the freezing-point it deposii?s stearin ; and it con- 
tains ^ larger percentage of iodine*than cod-liver oil. Chlorine 
gas produces scarcely any alteration. 

'According to Benedikt, cod-liver oil is a^ highly complex 
mixture of small ^quantities Of olein, pbysetolein, palmitin, 
^stearin, etc., ^ith the glyceride of a hitherto unknown un-* 
saturated fatty acid, probably .belonging to ,the linolic acid 
series. It contains variable amounts of free fatty acids, for 
the saturation of which Kremel found 0-62 to 28*67 grms, of 

I * < 

calcium fjydrate necessary per 1000 grms of oil. A little 
ofeolesterin (0*46 to 1*32 per cenf. ^^cording to Allen ^ind 
Thomson) is present wljic^i can be isolated by saponification' 
and exUaction with ether, the characferi^tic tabular crystals 
of cholesterin being obtained by recrystallising from alcohol 
.the residue left aftqr cNjaporatiag ^the ether. On the other 
h<ind* ac<?ordifig to 'Jean, 6 por’cent.* of liver oil consists of a 
pale yellow, oily,^ unsaponiilable mass, which is stained a 
beautiful red by the addition of one drop of sulphuric acid. 

Characteristic ( 5 f this oil is its content of bile constituents, 
by reason of wjiich savers 1 colour reactions can be obtained. 
The ash contaifts io^ne| which can best be detected by saponi- 
fying the oil with caustic potash or soda, concentrating, calcin- 
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ing the residue, and.^theh’ Jesting for iodine, in the ordinary 
manner. None of thef iodipe can he, e:^tractejd b.y^shaking*up^ 
with water or alcohol, so tTiat the^ intentional addition of 
potassium io^de to this oil can be detected by extracting with 
alcohol and testing the residue left on evaporating the .solvent. 
K/emel made the examinatjon of liver oilij d:^e subject o,f ex- 
hau^iye study, principally with Jhe object of finding character- 
istic indications for distinguishing cgd-liver oil, Japanese oil, 
coal-fish oil arjd seal oil. 

As will be seen from the appended table, no reliable in- 
formation can be obtained from the specific gravity, iodine 
number or saponification value. On the other harKi^, coal-fish 
oil contains twice a^* large a quantity of solid fatty a*cids, as 
any of the other fish oils, "which, hov^ver, may, as Already 
me^titioned, be due to insufficient separation of die stearin. * 

The follo)^ing analyses were made by KremeJ in 1884 :-r- 





Percentage of *, 

li^elt- 

, 




Oil. 

Specific 

Gravity. 

Liquid | 

Solid 1 

ing. 
Point 
of the 
' Fatty 

Acid 

Num- 

ber, 

Saponi- 

fication 

v r 

Iodine 
Num- 
ber. . 
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Acids. 


her. 





Fatty , 

Acids. 

°C. 

» 



I. 

Cod-liver oil, 1884 





, 

0*62 

1 , 

,'^77 

131 




* 92*12 

6*72 

— 

i*4l 

171 I 


3- 1 



— 

— 
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2'o6 

1 

• 126 

4- j 



88*88 

' 7^55> 

50*5 

2*23 

189 

127 

5- 

^ M 1883 

1 f 

• 


— 

2*32 


128 

6.J 



' 90-46, 

6*88 

51 

irS6 

?79, 

131 

7* 

„ 5 years old 

0*922 

— 

-• 

* — 

1*47 

178 , 

140 

8. 

M 10 „ 

to 

— 

— 

— 

ctA-by 


— 

9- 

»» It) „ 

0*927 

• 

- — > 

- y - 

5*03 

— 

129 * 

10.] 


• 

— * ^ 

g*6o 

48-49 

9’f>g 

i73 t 

.#39 

II. 

pClear pale medi- 


— 

— 

— 

1^9 

174 

13^ 

12. J 

1 cinal liver oil 


— 1 

^ — 

» 

11*57 

173 

141 

13.1 

1 


92*72 

5*25 

‘ 52 

8-66 

i8r 

— 

14. 

^Cod-liver oils from 


87*00 

12*75 J 

51-52 

678 

181 

135* 

^5.J 

1 1883 1884 




— » 

* i«*46 

J 

i«6 

16.1 


0*925 

75*32 

19*04 

55-5^6 

I-Ji6 

177 

» 137 

17J 

i Coal-fish oils, 1883 

0*926 

— 

12*312 

• 53 


177 

137 

i8.'' 


— 

— 

— • 

<r* 

1*29 

179 

129 

19. 

0-925 

74'20 

20*60 


1*49 

181 

126 

20. J 

f 

0*927 

70*00 

21*34 

52 

rfS 

iSi 

126 

21, 

Japanese liver oil 

0*908 

87*60 

10*52 

50-51 

— 

— 

120 

[22. ' 
23.; 

|- Seal oils, 1883 

0-925 

0-925 

85*02 

88*29 

10*23 

9*81 

57 »5 
57 

1*95 

fl’OI 

178 

179 

127 

128 
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* The melting, point of the solic/ fatt/Vigids is higher in seal 
^ ofMhan in, riie othpr kinids." 

According to Mayerra cod-fiver oil is pure if, when shaken 
up with one-tentn of \t^ bulk of nitro-sulphuri^acid (i : i), it 
gives a, coloration bright red at first , but quickly turning to 
citrQii yellow, .‘^ince in the oth^f fish oils the transition! is 
either not io distinct or on .♦'he other hfand a brownish-violet 
coloration is produced. • 

Rossler agitates with aqua regia, with v^^ich pure cod- 
liver oil forms a greenish dark-yeHow hniment, changing to 
a p^'rmanent brown after half an hour, whereas white seal 
oil or a^ Inixture thereof with ood-liver oil gives a faintly 
yellow liquid under this test. 

' Krempl found the behaviouf of the oil in presence of 
furning nitric %cid (specific gravity*, r50)to be a fiir more uiit- 
able means pf identification. If lo or 12 drc'ps^of the sample 
be placed on a watch ^glass and 3 to 5 drops of nitric acid 
^ run in from oe.e* side, the following changes arc observed 

Pure cod-liver oil b(^comes rcd at the plane of contact of 
the liquids, turning to bright red on stirring, but quickly 
changing into a puce yellow. •' 

Coc{l-j}sh oil becomes intensely blue at the point of influx, 
tfle colpur changing to brown on stifring, and remaining so^ 
for two^or three hours, fVi^ily becoming bhek. 

Japmese fsh oil behaves like the last named except that 
red stVeaks often accompany the blue. 

» Seal oil is unaltieredat 'firsf, aKcJ turns brown only after 
se'cfte tim!e. ‘ ' 

The nitric acid* reaction h so characteristic that the adul- 
terations named ,can b^ detected easily in quantities from 25 
per f^nt. dovvrfwarcis. 

The adulteuation eff^the oil with non-drying fatty oils«can 
be detected by* the todine number, which is in these fish oils 
unusually high. ‘ 
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Drying oils may^ 4 )e recognised •'by spreag|ing a sample o^Jt 
thinly on the surface oC a glass pfal^, ^ind hoping in a w5:rm 
place ; the fish oifs, although* they oxidise very^ qUickly, form 
no solid skj|i. 

If I part of fish oil be stirred up thoroughly with 2 parts 
of concentrated sulphuric add in a tall gla;>s^,^the mvxturg will 
be 5^e^r only in case/io foreign /ats are present. * 

Testing Fish Oils . — The better daises of fish oils arc for 
the most part only adulterated with similar oils of low quality, 
falsification with other oils being pracfised on the medicinal 
oils only. In testing, regard must be paid to tfie sjiecific 
gravity. Shark oil is tfie lightest, the specific grafU}/ of this 
oil being O'S/o-O'S/y at 15° C. ; next follow the sperm oils, 
o*88o-o*885 ; the whale (blribber) oils, ^'9140-0*925 ; the .seal 
oiU, 0'9i5-0'930; the livgr oils, o '920-0 '9*50 and the fish 

(waste) oils, cf9g5-0'930. These particulars refer only to the 
pale and clear brown oils, the* darker kjnxls averaging about 
•o.(jo5 more. A fiyther guide to a decision afforded by tjfie, 
varying solubility in alcohol. • ^ 

Seal and whale oils are very readily .soluble (the former 
up to 15 per cent) in hot alcohol so thatjnore tlfan i vol. of 
oil dissolves in 10 vol. ^of alcohol, whereas liver oifs dissolve 
only up to 6 or 7 per c^nt* and fish (waste) oils only to 4 
*cent By solution in alcohol the pive.sjpnce of resin and mineral 
oils can be detectecl at the same time, bein^ chaiBCterised 
by their ready solubility in alcohol, bat they require,* how- 
ever, to be confirmed by tjie *.sai)oniffcati9n test, being them-, 
selves unsaponifiable. The acklition of ‘resin •»iay* also* be 
proved by agitation in cold alcohf)!. 

According to Salkowsky, the aduJteration^of liver oils with 
vd^getable oils can be recogni.sM by the folfbwii!^ methods 
J'he Setling-Pohit and Melting-Point .— first of these 
is fairly low in fish oils, but the individual khids vary con- 
siderably amofig themselves, owing to the removal of tKe 
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Spud portions more or les.^ tfy coolifig. ^The time required for 
se^ng is al^o o^ importaiiie, it bein^ feasible in a few cases, 
Ws-., palm oily cocd-nut oil, pafm -kernel oil, when something 
like 26 per cent. js‘present; to detect them by the rapid setting 
of the liver oil. 

The ^eichert-Meissl number was found for liver oils after 
deduction c£ the correction 0*2 (*(5 i-o-2^for the indicator* per 
'5 grms.). For the •■’iqajority of the fatty oils fe\v higher 
numbers were obtained; only for coco-nut oil and palm- 
kernel oil were the numbers 7*38 and 3*48 found. Only these 
two^oils \vould, therefore, b*e detectable with any degree of 
probability in fish oil, and then only when in large quantity. 

^ Aotion of Sulphuric Acid . — The tes> is preferably applied 
in tw6 forms, in that^on the one. hand sulphuric acid is run 
direct into the oil iw a watch glass, and on the other, a few 
drops of the* oil are dissolved In chloroform and then shaken 
up with the acid. ^ A blue colvDration ensues, the cause being 
^attributable, not fo tlieb*3 per cent, of chqlesterin, nor to anyc 
biliary colouring matter present, but rather to a pigment 
known as lipochrome. 

Estimakon \)f the Phytostepin Content . — The cholesterin ot 
liver oil js not identical with that obtained from vegetable 
oils, the la'tter agreeing with phytoSter^n. Cholesterin set^ to 
a piftp of laminated crystals, phytosterin to fascicular groups* 
of solid ^needles. The meltiAg-point*of*the latter is about 
132^-1*34° C., that of .cholesterin being 146° C. These differ- 
^ences dre*sufficlentlj^ characfcri^ic^to enable vegetable fats to 
be detected liver oil. If IQ ^rms.'of liver oil be saponified 
with 10 grim of* caustic p^otash and a little alcohol, then 
diluted with water to a ^00-700 c.c. solution, shaken up with 
500 a.c. of eth4^r,*a(iid the ethereal extract filtered, evaporated 
and purified, jf ntcQ,ssary, by a second saponrfication, the 
cholesterin will be e>btafned in a nearly pure state. That from 
pure liver oil will have a melting-point of 146°,C., whilst that 
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from oil contaiying 20 per*cent o^ ^vtf^ctable oils will melt 
I39‘'-I40“ C. The i^iicroscbpic aU^x'amination of the cho^l^s- 
terin affords another meanV («f detecfing* ac^ultemtion (see* 
p. 301). ^ •* •• 

Whereas tr^er oil contains, accbrdihg to Allen and Thom- 
son, o* 46>I'32 per cent?, or, according to 3 alkowsky,-bftly 0*3 
per G^iiit. of cholesterin, Jealf found therein 6*per9cent. of an 
oily, unsaponifiable substance, which ^ives a beautiful red* 
coloration with a drop of sulphuric acid. In order to test 
the accuracy oP these re[)orts Fahrion tletermined the choles- 
terin in thirty .samp>les*of fish* oils, by Honi^ aifd Spitz’s 
method. Of these, fourfeen contained less than i ,^er cent., 
eleven between i and ,p per cent., three between 2 and* 3 per 
cent, and only two shark qils more than 3 per cent.Vf im-* 
saponifiable matter. Shark oils are classed on ,the one hand 
with* the liquid waxes, and onr the other with the liver dils, 
the numbers obtained tending. more in favour df the latter 
assumption. 

*I*n the case of cod-liver ‘oils the darker sorts, as a rule, 
contain more chole.sterin than the lighter grades. This may 
result from the method of prejDaration, the lighter qualities 
being obtained by cold, and the darker *by the subse(5ucnt 
warm pressing. F>om tho figures obtamed it is p^rrflissibl# 
to conclude that the cholesterin content (6 per cent.) repotted 
by Jean is quite pos.tIbU. 

The percentage of free fatty acids m good liver oils iS.very 
small, about 0-2 5 -0*69 per cent.^ whikst mo^t of flie colnifiercial 
vegetable oils contain largtf qimptities* 

The method proposed by Sajkowsky fi>r ^ktimating the 
volatile fatty acids insoluble in water^is* rather cumbrous and 
uncertain in its results and is,.therefort?, nofc Verj/ suitablti f(»r 
use in practice. 

Ouli^re examined various liver oils*and* fou^id the values 
given in the French Pharmacopeia to be too low; there the 
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specific gravity is givgn 0‘920-b'^22, whereas he found it *0 
be 0*9271 at 15'’ C •Oil j)reparcd^ from fr^sh .Ijvers shc*tild 
not redden blue •litmus pap$r. Contrai*y^ to *1110 views of 
various investigators, Duliere was* unable *to discover any 
alkaloids in perfectly fresh liveV oils or in the white c(|ni- 
mercial oils. The iodine numbers -of liv*er 'oils frtJsWy,pre- 
parod by the auther,,as well as those of good® commercial 
grades, approximate very closely, aiyl ‘range from 144-151 ; 
•the Indian and similar oils have iodine numbers varying 
between 1 16 and 1 3874, and that of Japanese oil is still lower. 

98*74. 

Artificiai. Train 0*il and its PkKi’AKATKyN. 

. • • 

By artificial train oil is .understood^ a dark-coluurefl pro-* 

duct prepared from rosin ^oil and extaisively circulated ift 
commerce under the name of *“ lion train oil " (l!owenthran). 
It plays an important part in chemical indi|stries*on the small 
scale. The pale train oils, commercfalfy ku(5\^^n as fish o^s, , 
are ‘as a rule pure, or at mo§t adulterated, being rarely ex- 
clusively artificial products. 

The dark oil is, as already n^entioned, ^chielly d rosin pro- 
duct. Although lo\^^ quality materials alone are uj^d^for its 
production, the prepar;^ti’ori is particularly difficult* owing R) 
the .very particular requirements exj^cted by consumers. *The 
criteria of the qualify ftf artificial train oil are ^coloiv,* odour, 
viscosity, and feel, as well, of course, it being necessary T©r the 
colour to be deep black, without fiuorc^cenc*e, by re'flected, 
light and reddish-brown In thTi\ layers by transmitted fighj:. 
The oil must be perfectly clear anrl of at le^t tKe consistency 
of .syrup. When rubbed between the.fingers it should not ex-» 
hifeit any great degree of slipperiness, altiiough not sticky, 
such as happens when vulcan oil, for* instance, i^ present. 

ft is a decidedly difficult matter to**[)rockice from the 
materials at cjjsposal (in Germany); an artificial train orl 
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the above req 3 ir.eriients vvHicl^ can Ire sold at the 
lo^v^ prices necessary to meet foreign^ competition. 

* The chief, mat(^iial employi?d' is the so-valled rosin stock 
oil, which in corfe^pondeifce with the properties of the pro- 
duct, should be very thick and have the least possible odour 
and blb^m. Thi.‘ tjaler and clearer tHe stock oil the better 
it is ada[)tedtfor the purpose in view, a tui^bid and consequently 
Marker rosin oil being much less suitable. 

rile next constituent in importance is “ blue oil ” (a crude 
petroleum {ircjduct), the^(juality of which is even more particu- 
lar than that of the rosin oil. ‘ 'I'he specially strong smell and 
fluoresceijce characteristic of (ialiciad “ blue oil are gener- 
ally so* difficult to remove or mask that, i*n its use the funda- 
mental* causes of bad (jualily in the final product are to be 
sought. * , I 

VJnimpoiUant as raw mate'rials are the nitric acid and 
molasses, by*'means of which nearly all “ lion train oils ” are 
jirepared. I'wo parts 6f rosin oil are mixed with i part of 
“ blue oil (the proportions being varied according to the de- 
gree of Viscosity desired;, a fairly concentrated nitric acid is 
then added* which deblooms, the mixture probably by the 
formation of nitro compounds from the hydrocarbons of the 

it , ^ ' 

r(*'‘'>in oh, iVnd, moreover, deodori.se.'/and darkens the product ; 
l '5 t^) 2 per cent, of acid i.s sufficient to effect the.se objects so* 
fiir as tfi^y are possible with the.se raw^'nuUerial.s. The smell 
of rosi'ii oil in particular doesbiot entirely disappear, but this 
does ndt .M muhh ir^atter, as,^ in fhe fini.shed product it will re- 
seivWe trainer il. The additi^^fi ol * 2-4 per cent, of molasses 
helps in producing the requkjcd colour, and more particularly 
m the masking o( the oejour. During the entire process the 
tempfirature iio flit pan — which is an open pan heated by 
direct fire — is ke{)t‘ at, about 60 '’-80“ C. As sootL as the pro- 
duct exhibits the di^sirdd appearance it is left to stand for two 
ot three days to clarify completely. 
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~ln the m^nufactiire*af l?ather^t,ffcase, a lar^e cjuantity^of 
a liquid oil is recovered asVell as the solid fat, which miy^be 
classed as " ext ousted train *0^ *'fhfs ^kirk* qil* which has ?i 
decided odour of fish oil and the ‘^)t()j)crtfci of ^ood Cultural 
fish oil, hasVii-'lded excellent results ?is an adjunct to artificial 
train oil ; an addition 5 per cent.^ofthis leather IrTihi oil t(^ 
a* (;^mparativ'ely poor “ licfft train oil cTfec^ecbjSuch an iin- 
proveftient in the latter that ?i dealtr, who frc^ni lon^ ex- 
perience may be considered as an expert, and before whom 
samples of th^ ori^^inal “lion" oil am^the same after addition 
of the leather oil wert? placed for an opinion, classed the. 
latter as good and the former as unfit lor use. 

In preparing lig^ht-coloured train oil the )nodns opevandi is 
as follows: — 

Goc^l, pale, bloomless, faint-smelling iDsiy oif is mix^d 
with J to*, 5 ^(according to* tlx: viscosity, etc., desired) c/f de- 
blooined Russia*) oil of specifu: gravity 0*885 (fTr (kilician oil 
of specific gravity 0\S95-0’905) and* vVarmed. When cold, 
5-10 per cent, of* pure fislf oil is mixed in, together with a 
trace of triinelhylarnine solution, aiM well stirrerl? Should 
turbidity ari.se on account of the small quantity of*water in the 
trimethylamine* solution, which at m( 5 s! amounts to *>0 
cent., tl\e oil is lett to alarify. The ‘product witT reseml/le 
puye fish oil in all particulars, and although posses.swig a 
bitter taste, may bt uied with tidvanfage.as an adjund to jmre 
fish oil. 
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Egg Oil. 


The yolk of the eggs of birds and .•'ept,iles contains a con- 
sideri.ble amou'nt of fat. Thus the yqlks of the eggs of fowls 
have the^ fallowing composition C •— 


f 

4 ^ 

Hen. 

Duck. 

(ioo.se. 

Turkey. , 

(iuinca 

Fowl. 


1 




, . . 

» u 

1 

1 




Water 

. i IQ’.*) 

45 •« 

44*r , 

'48*3 

49*7 

Protein . V 

• 1 157 

« 16*8 

17*3 

17*4 

16*7 

Fat .... 

‘ b \ 33*3 

36*2 

1 36*2 1 

3'2*g 

31*8 

Carbohydrates . • 

. ; j 

— 


0*2 

0*6 

AVh . . . ' . 

. j I'l 

•r*2 

1 1*3 

1*2 

1 i 

4 

* 100*0 

100*0 

! 100*0 

! 100*0 

100*0 


ARer evaporation ‘the yolk of hens’ e^gs has the following 


cqpiposiii^i : “ — 

•Water . . . . ^ .... 5*9 

Protein . . 1- .t' . . 33*3 

Fats': , « . . . ... 51-6 

Olirbohydrates . ! . ... 57 

Asfi ^ 3'5 

roo-o 


P'or the compqsitioi,'' of the yolk of turtle eggs see p. 248. 

• The egg yolk, fat i.s^ obtained by boiling the yolks or by 
evapq^fation and hot; pressing, also by extraction with solvents. 
The pressed oil contairfs^oAly a small proportion of the lecithin 

r •’•' 

, ' U.S. Dept, of Agriculture, Farmers' Bulletin, No. 128. ^ fbid. 

(246) 
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bur the extracted oil ooataffis a lat^e* quantity. The yield 
and composition of ^he ex1:racted oil varies* with the solvent 
used, thus Jean found thaVdried yi^ldW tfte following 
imounts : to petroleum ether, per Cfjnt. ; ether,# 50*83 

per cent. ; ’ca;bon bisulphide, 5CI45 'p^r cent. ; carbon tetra- 
:hloride, 5030 per tent., and chloroform^ 57*66, per c£nt. 
\^ig;ion and Meunier reconf Aiend chlorofofm ^ solvent and 
jive the following results with Ordinary hens’ yolks : — • 


. 

Oil Per 
Cent. 

Iodine V.ilue 
of Oil. 

I’nsaponilialilc 
I'^r Cent. 

. . 

Pho'-i'lioru;.. 

Lecithin. 

Hen’s egg yo'k 

327 . 


1 

0-2 

. * 

•737 1 

^I'O 

Duck’.s egg yolk . i 


j . 37'4 

^7 

‘6o 4\. j 

' 1 

1*7*3 


The yolk fat from hens’ eggs is orange } el low sem^ 
soljd fat, and the expressed oil shows the fallowing character- 
istics : — • ^ * 

Specific gravity at 15” C. . * . . . ^ 

Solidifying point * *. .« H'^-10'^ 

Melting-point. * . . . . V • 22 '^- 2 s''' * 

Saponificatwn number . . . iH4'4 iq6"2 

Acid number ........ i ‘2 

Iodine number ' . * <iS*5-8i‘6 

Keicliert-Mei#sl number . . . . • . o‘4-o'(^ 

Hehner number • . 

Reffactive index at 25^0. * i'47i3 ' 

l£gg yolk oils examinerl by the ^evi.ser gave the following 
results : — * ^ • 

* , Mens’ Dinltis’ 

Iodine value 73'»7*77*5 

Saponification value iH^-6-i96’2 

» t ^ ^ ^ 

Fat extracted by alcohol (lecithin) per ceiy:*-®-22-27*3V 
Saponification value . . .* • i9i*3 

Insoluble fat (triglycerides) — • • , 

Saponification value .... I9t>'4-i93*3 , 190*4* 

^ Fat extracted with benzene — • • 

Insoluble in acetone (lecithin) per cent, . •^2-2 • 25*0 

Soluble ^ ,, (glycerides) . 77’8 75'o 
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rhe fat in hen’s egg cN'tracttd with ether, amounted 
' ■ • t * * 

to *^0-3 3 ‘26 per cent., and ip dried* yolk 4*5 *2-49 ‘5 per cent. 

* Volk oil* was'employe^ 'in Riissi'a at one time for the manii- 

facturci of soap (k.azan sAapj ; it is at present employed only 

as a source of lecithin. * I ^ " 

‘l{gg y.olk preserved with salt or bcnic acid is used for fat- 

liquoring leajher; foV which purpo^d it is extremely well sujtifd 

KS it not only contains,a large'amount of fat but it cons'citutes 

a valuable agent for the emulsification of other oils. Kgg 

yolk is also used in embrocations and .sometime^ in margarine 

.manufacture (see also p. 131)." ‘ f 

* y Turtlf 91L.' 

^AVoV MatcriaL — The eggs of the green and giant turtles 
of Jamtlica and the .Seychelles, and also those of the edible 
turtle. According to Brooks, it is obtained from the fat of 
these animali? as well. ’ % 

Preparatio)L — rurtle oil, or more correctly, turtle egg oil, 
i^s ^)repared by ciM^shing the eggs with a forked wooden instru- 
ment in an empty bucket and ..pouring water on the mass, 
whereupon, after a few hours’ exposure to the heat of the sun 
the oil collects 'on the surface of the water. Six thousand 
turtle b^^g.s yield only j galls, of oil, and, as 50,000 galls, of 
oilrare anifiially dispatched to Par*a f^om the Orinoco, the 
Ama/bn and the Rio xNej^ry, and 60,000 galls, are consumed 
by the nUtive population prepaVing the \)il^ it will be evident 
that the‘turtles, which fi'equent'the same sandbanks from }'ear 
to year and lay ^20 ^^gs apiece three times during the season, 
havQ e»ivtrc»ord,T.ar)’ rcproductive'capacities. 

The compo.s'tiof, of diecg^s of turtles is given as follows 


Water . 

rresh-watcr Turtle. 

Sea Turtle. 

. . 65*0 

710 

Plotcin 

t; 

I<S*I 

1 8 *8 

Fat 

II*I 

' 9*8 

Ash 

2*9 

0*4 

Undetermined 

2*9 



lOO’O 


100*0 
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^hen turlje oil is (ibtaiirccl i'rorft- tlic flesh by boiling, the 
yield is uncommon IJ^ .l»arg(^ a single turtle often yielditig^«io 
galls, of oil, so the outpuVo^ Go,bf)Cf gajls, *at^ tfie Seycfielle 
Islands is not very difficult of acco<it|)lishna(int. • 

In Jamaica, also, the oil is pte()aTed from the flesh of the 
turtle, presumably fr(»m Chclouia Cahoutiu.^ Seycl;i»ltc oil is 
sn[i(^rior iig flavour, and mE*ht form a suHstiPute^for codlliver 
oil, ifits alleged properties coultl be sui)stantiatcd. 

The fat from the flesh the turtle yielded the following 
figures on analysis 




Snappirifj 

Clli.ilasso- 

iric^n lurtlc. 



Tuidie 

. lu-lys* 

(Chfloni^ 



(Trionyx 

cortK.ni.i).'! 

inyda.s).i , 


• 

sinensis),! 


Specific gravity at Vys' C. 


. 0-9229 

-- 

-• 

„ 4'^-5'’ C. 


• 

o-giyS 

— • 

• 

• ,, • 


-• 

— 

.<''9335 

Solidifying point 

• 


• * !()'• 

— 

Melting-p^'int . 



-VV ^7 • 

* 

Acid number * . 





Saponiltcation number 



• 209 

1 94 -So 

Reichert- Meissl ^aluc 

.. 

..'ft. 


Iodine value . 


. i2i-og 

1 1 2 

127 4 

Refractive index at -‘o ’ C. 


• '-iff? 


• 

3“'’C. 



>4(^77 ^ 

1-4769 

Can DLv:- F ish 

Oil 

(Gllao 

IION’OLj. 

4 

• • 

Raw Material . — lEie candle 

-fish (“ 

Gulachon 

” or “ On?j 


chon "X found in e^ionnoiis shoals*iuthe bays on the^coast of 
British North America and AJaska. Tliis fisji, whfch is also 
highly prized as a food, is so rich in oif that ^it is gsejl* in the 
dried state for torches ; Jmnc^^ its* nane. • ' 

Preparation. — No information is ava*ilabl(i'*ftn fhis pB^nt, 
but probably by pressing like al? othe* fish.oils. 

Properties . — Schaedler gives th6 /ollowijig description of 
i?s properties : — 


' Tsujimoto, Lewkowilsch, 0;75, fVi/s and 1914^ Vol. II, p. 464. 

‘^Zdarch., ih'id. 
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The oil as it is put on the ntarke^ contains a corisiaeraoie 
• • < 
anaount of palmftin and probably steariVi, so that it is only 

lemt-fluid cft'tht ofdirtaiy ten^ptfrature. The olein, or fluid 

portiop, forms a ^Itar, p<'fiQ^ straw-yellow liquid of fishy odour, 

differing from, and to rtianj^ tastes being probably less ob- 

nokiou4'.«5han, cod-livcr oil. The sp. gr. is O'QO/I at 15° C. 

and ‘0-901 2^at •25'''C., whilst tha<* of cod-liver oil varies^ Ife- 

/ween 0-92 and 0-93, ljut is generally 0*9227 at i 5“ C. ‘When 

mixed with sulphuric acitl (i vol. of acid to 5 parts of oil) the 

temperature rises 55'' G, whereas cod-liver oil finder the same 

conditions, undergoes a rise of r 12’ 0 . The colour reactions 

also differ from those of cod-liver oil, nitric acid (sp. gr,, r27), 

mixed, one-third of its volume of the oil, producing at 

otfce a,«rose coloration j5[radually changing to amber yellow. 

At the»end of .fifteen hours the mixture will have thickened 
coniiiderably,and assumed a deep alnber coloratio,n. * Cod-liver 
oil treated in«J:he same manner, became rose-red at first, then 
rapidly changed^ to*akil:^2r, and exhibited the .same coloration 
*In*fifteen hour^’ time, but was m^re fluid than the first-nanfed 
mixture and intcrsperseil with tfiicker layers. ‘Sulphuric acid 
gives with Cjindle-fish oil not the same beautiful purple colour 
that it; does with cod-Hver oil, but a deep brown, subsequently 
inclining^ fj) both yeJlDw and red. , When this oil i.s saponi- 
fied i| yields 95*85 per cent, of insolubfe fatty acids. ^ . 

Candle-fish oil contaifis’abc^iit 20 por ctnt. of palmitic and 
stearic .acids, ^0 per-cent, of olein and 13 per cent, of an 
unsapoiiifiitble siibstance, which, being a peculiar and interest- 
fng s^bsbincej desepes* carefuJ examination. At summer 
tertiperature tliis sjibstance jprms a mass of oily consistency, 
has a specific gravity of*0’865-o-872 at 1 5° C. — inferior to that 
eff ,aiY other coiM:ti,tuen% of ordi/iary fats, and appears to l^e 
similar to the* unsaponifiable matter in sperm oil. . 
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I CR6cobiLfi Oil. 

• 

From the fatt}^ portion* i)f^the foptile cro(iodhe by renderj 
ng like tallow. Crocodile oil is pi a reddish* colour^ thick 
fluid, peculiar odour, specific gravjty, 0-928. Contains stearin, 
margarine, and olein. ^ It is used in the tannin<r of leather.. 

ALLir.A'mR OiL^ 

From the fatty parts of the reptile alligator of America 
by melting d(?wn like tallow. Alligator oil is of the consis- 
tence of ointment, sdni-flluid, reddish in colour^ with a sjjecific 
gravity of 0*928. and Contains 32 per cent, of pajmitin.and 
stearin, 1*5 per cent, of free oleic acid, 60 per cent, of olei;i 
and 0*02 per cent, of iodine. It is used in the taiftiing 0/ 
leather. 


Hare Fat (Hasenfktt). 

Hare fat is white, or occasionally .'^rftewhat yellowish, with 
clial'acteristic odour and a *rnild, agreeable taste ; the consis- 
tency is rather softer than that of lard^and it has .sliglit drying * 
properties. ^ • • 

c • o * * * • 

Specific gravity at «5‘^ . . . . 

Melting-point * »* * 44'’^t6°*C. 

Setting-point 28''-3o“C. « 

Percentage of insc^ubl^ fatty acir^ * . * 95*47 cent. 

Saponification number * . 20o cj-;<^)4’9 

Volatile soluble fatty acids (Kcicliert-Meissl number) 2 O4 * . 

Iodine number iu2-2*to7*o 

Refractive index at 40° .*•.*,.* .* .* . 1*4586 

. • * 'si • 

Insoluble fatty acids : — ^ 

Melting-point “ . •, 48'^-5o'’ C. 

Setting-point. . . . ^ . .. 3g'’-4i® C. 

Neutralization number * « 209’0 

Iodine number 93 3 

Refractive index at 40'^ . . • . #• . i*4495 
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GobsH Fit VtAn'^fktt). 

t L 

Raiv Material . — The accumujatipris of fat interspersec 
‘hmon^^ the ti.'jsues and uiuler tile skin of thk goose. 

Pteparation.-^'ASy carhfully melting the cut; uj) fat and 
straining to separate the pr(jduct from the cellitlar tissue. 

Pr1)l>6rties . — It I’s white to pale yellow in colour, transju- 
cent, granular, iVecpiently almost Yuiiiid at io'-i3 C., of ag;ree- 
*‘able flavour and does^^iot easily become rancid. < 


specific ^'ravity :it 15" 

. <j;922g-0‘9400 

Melting-point . ' 

. 27-5'’-34“ C. 

Settipg-point (the temperature flu ii rising to 2?'' C 


(Scliaetller)) . 

iS" C. 

Saprjitification iturnber . . * . 

iS4-r93T 

Kellner miniher ’ 


Ij’t:ichcrt-Meissl number . , . 

<r2-o-3 

Refractive inciejj, at 40* 


Iodine num'ner . . . ♦ . 



( Max — Ivar alimentarv' and. medicinal [)urposes. 

' llLMAN Fat. 

The dnvestigation hf human ‘ fat is of merely scientific 
interest, it will veadily be understood that there is some little 
difficulty in investigating the product. CheVreiil lound this 
fat to cWiMst of an oI6in and steariwg the latter differing f^om 
mutV^n Stearin in yielding margaric acid instead of stearic acid.' 
Heinz (bund, howeyer, that tKe const»tu!ion was of a more 
compltf.x*charifl’ter, ai]d that in addition to palmitic and stearic 
acids other ackls, one of them liquid, are present. The fat 
*exanyine(Jl b^, Mitcfiell was freed from tissue at the lowest 
feasible tempefatiye, was paje yellow in colour and somewhat 
softer in consistency than butter. When recrystallised from 
et^er^ only a ,sn1aU precipitate Avas produced, and this, after 
washing (witli ethdV) ^nd, drying, melted at 5r5* C. Under 
the microscopy the* crystals exhibited some resemblance to 
those frequently obtained in the form of sheave^s from lustrous 
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larci^the individual crysti‘U eM^^libi^in^» the characteristic chisel- 
shaped ends. An anfilj^sis M this fat ^ave 

•• 

• Felt. 


Specific gravity at 15 ’ C . 

f)-yi 7 Q 

Meitinj;-poii4t . . . •. t . 

‘ / ‘.S'’ 

Seitini^-point . • * • 

t5 ’ C. 

Saponification number . . 

lyy^iyi 

Reichert*Mcissl numlj|L*r 

0-25 - 2- IK 

Hehner number ... 

- avy-' ‘lb 

Acitf number 

*o‘ t per cent, of oleic ac 

Iodine numl^r ..... 

S7-2r bfrn 

• 

• * Fiitiv /hiJs. 


Meltiiy'-point . ... 


Setting jioint ...*.. 

■ • .t-'T'ci. 

Iodine number . * . 

, • '>■( 

Iodine number of the liciuid fiyty .icids . 

92-1 


^rwitchttll’s modification* o( tlie Jean method ^)f fractuimd 
precipitation wa^ employed for determininjr the^iature of the 
fatty acids, i '947^ i;rams of fatty ac^ds,»(fo( line number, (>4) 
be«i^ dissolved in *5 c.c. of«b5 pc‘r cent. al^)lw)l and treated* 
with r5 |^rams*of lead acetate? dissolved in 10 c.c. of.the .same 
alconol, and the flask well corked and left to .stand all ni^dit. 
Next morning a,iittle of the liejuid was» Altered off, the; acids 
being recovered by [fgitation with ether and hydroct;l(jj*ie acid, 
^aiicf their iodine number ascertained. The precipifcite^ was 
well washed with ^Icghol, th^ fatty* acids recoverec[, dried, 
weighed, and their iodine number determined, (*xidatToij being 
in each case carefully guarded against. 

The results were: — 

viiains. I'C^Ccntv Jodinc No, 

Solid acids .... v gyyg 5y2 57 

Liquid acids (by difference) . o qOyy .^yS 92 

Theacid^s from the filtrate were still liquid at !5 C. ; rtiose 
frofti the precipitate had a melting-f¥)inj^ of J5’5 C. and a 
molecular weight of 278. From this may be calculated : — 
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Liquid acids in filtrate , ^ . gg-g per cent. 

,, „ ejaculated as dieic acid ^ . 20*6 

^ I TOO « 0*9 

'^'otal liquid ac^d^ . 70-4 

Iodine number, , . po*g 

Thert^fore, t\it Jiquid ‘acids probably consist of oleic acjd, 
with a smal^ amount of a mqre highly unsaturated fatty acid, 
probably linolic acid. * , 

So far as the solid acids are concerned, t[ie high molec- 
ular weight of the lead precipitate (0/ which only 20 per cent, 
should be*considered as liquid acids) leads to the conclusion 
that' ste^pic acid or another high molecular acid is present. 

‘ , rife acids obtainetj by crystallisation from 70 per cent. 
Ulcohdi melt at S^’S *C., which being a lower meltjng-point 
than is exhibited by Uny mixture pf stearic and pal/nitic acids, 
indicates the presence of myristic acid. Humart fat therefore 
consists of .some 70, per cent. oV liquid fatty acids, chiefly oleic 
acjd, and 30 pefr, cent, of .solid acids, probably palmidc wjth 
small quantities of stearic and. myristic acids and traces of 
lower vollitile acids. 
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tHAlTER VII. 

WASTE OK RECOVERED ANi;VIAL EATS. 

^D^'.gras, Tanners’ Grease, Leather Grease, Waste 
Grease (Gerherej^tt, Lederi-ett, Ahfalleett). 

The substance indicated by the above names was origin?i,)ly a 
waste product obtained in the preparation of chamois‘(s|,ianK)y) 
leather, it was therefore not prepared originally on own 
account.* Formerly the price was high by ^reastjn of tl^e 
irtTcle beiffg^ bye-product* psepared in a special, mannec. and 
Duly in limited "quantity ; and, even now that f]6gras can be 
prepared in any desired amount, it is .stilli saleable at relatively 
Ki^i r^es, a circuibstance rendering its proefuefion a profitable 
jndertaking. *In composition, degras is really an »emulsified*‘ 
fat, a fat existing in an extremely fine state qf division in 
i suitable liquid, so that it forms a mass of. buttery oa salve- 
like coiijsistency. Vhe. operation by Which it is ♦{)ro*duced is 
IS* follows: The skins*to be dressed for chamois le?ith|?r are 
jiihaired by limingt a;^d scraj^ng with knives, and ^hen im- 
mersed in a bath of bran in* a state of acLl fermqntation. 
They are afterwards wrung out, dressed over, with strain oil or 
cod oil, fulled for two oa ^hrae hour? and left exposed to tfie 
air a .short time. These operations of fullyig ivith fish oil knd 
hanging out are repeated until the •skin vis full of oil *and 
all the water has been expelled, th^ oil, Ixivjng meanwl^ifc, 
under the influence of the air, become partly o?{idised a^id inr 
tirtlately combined with the fibre. Xo fpmp^te this conver- 
sion, the skins, which are laid one above another, are subjected 

(255) 
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to a kind of ferment&tion, ?ir admitted from nine lo 

( f! ( * 

time in order to ‘prevent over-heating. ^ ‘The excess of oil is 
then remov^ed by Y^ring^i^, sgrap'ing, straj<ing, or hydraulic 
pressing ; and th^ jfkins fiually treated with a lukewarm solu- 
tion of potash from which farther portions of t]ie oil separate 
out on .staading. i^ccording to anoth^'r account the suitably 
prepared kkins are ’sprinkled witki fish oil and thrown j,nlb 
heaps which become fiyrly hot in consequence of the incipient 
decomposition of the fatf after a short time the skins are well 
fulled and finally treated with a lo per cent, solution of potash, 

^ in which rnanner is formed the so-called white liquor, wherein 
the <;l^gras, />., the fat, is present in a. very finely divided con- 
dition. ‘To this liquor is addeef enough sulphuric acid to 

t * ij. 

neutralize the potash, ind when the liquid is left at rest the 
fat collects at thq surface forming a dirty white, yellow or 
brown, mas^ of fairly mild flavour, principally' used Tor 
softening tannpd leather, whicji substance absorbs it with great 
facility. ^ ' N , 

' ‘In many fattoHes hides are iked for the sole purpost ‘of 
‘'manufacturing degras, being sh^moyed again ‘and again by 
alternate oilfng, •fermenting, fulling, and treating with potash 
solution until they ai‘e«practically worn away. « 

Varitiu** artificial products passijig under the same name 
are u^ed to replace true degras, being f 5 reparcd from fish oils , 
and oth^r fats, to whichtafe f?;pquentlj^ abided tallow, rosin, 
oleic aejd,* etc., vitc. 

All* kinds of d<^gras contain large quantities (mostly 12 to 
io per cent.) of water, f/hich, in gc^d qualities, should not 
seftarate out 'eVan after long standing. The emulsive capacity 
dep’ends on the presej.ee of a resinous oxidation product 
foVijied in the process. %The larger the quantity of this sub- 
^tanci; present the more easily is an emulsion produced, a 
d(^gras containing percent of resin substance and 53 per 
ceqt of water producing such an intimate mixture with water 
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that’ it will remain pertoctl^ homogeneous even after tnp 
months. 

The colour of .this rcsin^if#e suVst^nca is bpwn, and itif 
melting-point lies between 65" and*(?7“ C • ^t is saponifiable, 
cannot be precipitated by comition salt from alkaline solution 
(distinction from fats), •is insoluble iij wata*, soluble k? ?ilcofiol 
arftl ether, l^ut insoluble in •petroleum spirit (clistjoction from 
rosin). * It does not occur in fisli oils, i)ut is only formed in* 
t^e process of shamoying. Most kinds of degras contain 
unsaponifiablc Substances derived front the fish oil ; thus, for 
example, degras from s*perm otl contains cetyl aloohol, and 
that from liver oil an oily, unsaponifiable mass, of wjnch 5* per 
:ent. is present in the ivnaltered liver oil. The content of free 
fatty acids varies greatly, byt the quantity does not aflVct thes 
quality oT the degras. Pure degras is coijtamingted with solwd 
organic matters such as partfclefs of skin and membrane, \Wiich 
should, however, not exceed 5 per cent. The specific gravity 
of degras, freed from water, z;/.?., 0'945»tct0'9^^, is higher than 
theft* of fhe fish oil used in it 5 preparation. 

An examination of fish* oils, accofding to the iimthod of 
Livache, by treatment with metallic lead, showt^d (in harmony 
with practical ej^erience) that the fish dlls b»st suited fer the 
production of degras are J:hose most capable of ‘absorbing 
oxygen. Whale oil is t^e most in demand, sardine ofl, which 
yields only some 3 •to^^ per oent. of resinous mattei* being 
unsuitable. 

Examination of*' Mgi*as. 

Water Determination . — Five gj-ams of substTfnee are diluted 
with petroleum spirit and filtered threfugh 'a tared dry tube 
containing a wad of cotton w4)ol, the s^irit^bSiyg distilled ©ff 
and the residue evaporated in a basjn, ^drM at *120° C.,*and 
weighed. The insoluble portion is ejftimated \)y drying the 
filter tube at 120° C. and weighing, the contents being then 

17 
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ir\cinerated in a platinum crucibfc. r K the residue is small in 
arTiount no addition of mineral matter been made, on the 
other hand if large it Inilbt be,-w'6ighed and qualitatively ex- 
amined (for clay,' chalk, gypsum, etc.). 

Ask . — For this estimation 5 grams are taken. ’ If the ash 
is aikalfrie, it is extracted >vith water, filtered and titrated with 
standard acid. 

Mineral Acids . — If the degras has a strongly adid re- 
action, 25 grams of the sample are boiled with 200 c.c. of- 
water, left to cool, and the two layers separated by means of 
< the separating funnel, the nature of the acid (mostly sulphuric 
acid) being ascertained from one pait of the aqueous layer, 
while another aliquot part (50 c.c.) is titrated with caustic 
coda it: order to determine the amount. 

The follovnng tests are performed on the d^gfas after 
drying and filtering through linen.' 

Unsaponijiahle Matter . — A preliminary test by boiling with 
alcoholic caustic potash and decomposition with ammonia 
readily shows whether any unsaponifiable matters are “present. 
If turbidity occurs the l!est is positive, a further examination 
is then commenced for the quantitative determination of the 
unsaponifiable matters, their investigation being subsequently 
carried on in accordance with the usual methods. 

Resinous Matter . — The ether extracted soap solution used 
in the foregoing determination is evaporated until the solvent 
is exi^alled, and precipitated hot with an excess of pure 
sodium cliloride. When cooled the coloured liquid is filtered 
fro^' the deposited soap into a- flask and the filtrate acidified 
with hydrochloric acid, whereupon the resin comes down in 
flakes, which unite on boiling and attach themselves to the 
Wdll?, of the vessel. After allowing to cool, the mass is 
brought into condition for weighing by agitation with ether, 
evaporation of the solvent and diydng. Admixed resin is de- 
tected by extraction with petroleum spirit, which does not 
dissolve the resinous matter of degras. 
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*Extraneoui Fats. — f^eseaceof Extraneous fats, such^as 
wool fat, oleic acid,*t,alIow* etc, may be suspected when, the 
specific gravity of the oil* txiractVfl froip dEgrls falls belo^ 
0-920, since degras from fish and whale oik has a density of 
0*949 to o’‘95.5. For the pres^ice'of tallow, characteristic 
information is afforded by the melting-point .of thofa1:1*y ac*ids, 
tltose of tallow melting ftftly above 40' C*, aj;id therefore 
raising the melting-point of thosT; in thc^ degras, since theiacids 
from whale oil melt at 24-9° C., those from liver oil at 18-5 
C., and those from Japanese oil at 30-8° C. 

Free Fatty Acid ^. — These are titrated by caustic soda and. 
phcnolphthalein. The •saponification value 159 is usecf.as a 
basis for calculating the percentage of free fatty acids'iia whaje 
oil. The oil from dEgras contains generally 15 to 19 p|pr cent, 
of free fetty acids. 

*Jean j^v^s the followiftg* examples illustrating the»con- 


stitution of dEgras : — 


• 


.* 



I. 

2. 


4 * 

5. 

Water . . , . 

i 8 -g, 

14-84 • 

T 2 ' 93 * 

• ^ 8*9 

19 '20 

Aali .... 

0*2^ 

0-13 

0-55 

0*7 

0'07 

Particles of ^in . 

<^30 

0-30 • 

o'og 

0-58 • 

0-27 

Oil ... . 

6971 

74*65 

8o'oo 

• 66'g3 

75*66 

Unsaponifiable matter . 

6*84 

• 605 

• • 

— 

Resinous matt! r . 

• 

4 '00 

4*05 

5'8i • 

3*52 

00 

0 

,The ’ following an^ySes 

are of 

curriers’ and 

leather 

’dresst*-«l oils and of Sod 

oils 

• 



• 

• % 


• 

• 
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^ • • ^er C^t. % 


• 



• 

-• , 



• 


Water 

16-40 

0 

c 

3|*r8 

i9'45* 


13-74 

10*54 

Ash .... 

0*135 

o'2ig 

1*48 

•0*62 

. 0*65 

0*26 

0*28 

Impurities . 

2*goo 

1*850 

4*ro, 

1*60 

1*49 

0*212 

0*2^ 

Unsaponifiable matter 

17*430 

o*i6j 

traces 

ft-ace^ 

•0-53 

0*27 

, T 

ftil . 

35*070 

50*610 

19*07 1 

29*83 

86*59. 

84*095 

•|8*92 

Resinoid matter 

o*goo 

5*5i9 

12-57, 


1*28 

i‘423 

3*24 

Fr»e fatty acids . 

27*200 

i5‘3oo 

26*60 


6*t 

— 


Sulphuric acid . 



o*o66 

_» 
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Fahrion, on the j3a5S» ornumejctus experiments, arrivec^at 

the conclusion that the safhe products are obtained from*fish 

•• V* - * • • • 

oil by shamoying as are yielded oy oxidation, in the air, aifd 

that the degras expressed from sllamoyed ‘leather is fiothing 
more than c? partly oxidised feh oil mixed with larger or 
smaller quantities of* nitrogenous mattef oxtracted* from the 
sicin. Leiiiarid’s “ ^egra5-?former ” is a* mfxtu/e of oxyje- 
coric *£tcids and their anhycfrides, contaminated by small 
quantities of nitrogenous substances. 

When degras was introduced aS an emollient into the 
tanning industry it^use was folind to be attei^led by so man>* 
advantages that the w5ste ^product of the shamoyj^g pwDcess 

soon became insufficient to cope with the demand. ^In this 

• • 

extremity recourse was had to fullyig not only r^ skins 
but also the finished chamois leather with fish#oil,*exposinj| it 
Jto the air, and^ when sufficiently oxidised, recovering tiie oil 

by pressure as in the original •process. Notwithstanding that 

• • 

the resulting product is identical as ‘regards* both appearance 
an*d action with the actual^ primary degras {premiere torst)^ 
specially valuable properties are, in* some quartet, still at- 
tributed to the latter. AgainsJ: this view it rfiustf be emphati- 
cally asserted •tha^ in general, the secondary prodflcts are 
pi^eferable in so far that* the fish oil extracts fif)rrf the jjaw 
sheepsl^ins the natural fat, rich in^chblesterin, occurnng«there- 
in, and at the sanfe %ime tak%s up *a gseat deal nicJrc of the 
nitrogenous constituents than* in the j:ase of the sh^moyed 
leather. Fahrion prepared ^ sigiilar pr^ducf on ^ sihall scale 
by impregnating piece.? of (flvimois leather vujjh ihe Stydine 
oil frequently employed, and, iifter thred d^s’ exposure to 
the air, extracting with ether. Th^ ‘^mocrion ” thus prepared 
fiorms, when freed from water, a thick* red* oil. The analytical 
results obtained therefrom are sutjjoiped, the figures for the 
original oil being added for the sake bf (Wmpi*ison : — 
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^Fisb Cfcl. Moejlon. 

Iodine number * . 193*2 *• 75*4 

,Acid ^ 1^- • ' 29*6 

Unsaponifiajile matter . . *. o‘6 per cen'^. I'opercer .. 

Ff.tty acids . k . . 94*5 ,, 65*8 „ 

Total oxy-acids . .1 0*7 „ 23^*0 *' „ 

, Solid oxy-acids .... 0*2 „ 7*3 „ 

* * , • , ' ‘ 

The chamois* leather has the *^ame appearancp after .cx- 
K'action as before, its only taslc in the degras process bemg to 
finely divide the particles of oil and so render it more acces- * 
sible to the influence of atmospheric oxygen. * 

. From the sum of the unoxidised and* oxy-fatty acids the 
presence of volatile matters in moellonds revealed ; since these 
ar,e evolved by prolonged heating to I20°.C., and at, the same 
time, oV.idation and conclensation processes still go on at that 
temperaturb, th/^ metlpd of estimating moisture proposed by 
Jean <mixing( with quartz sand and drying at C) must,, 
therefore, be totally rejected. , Drying may tie continued all 
day long without tlieSveight becoming constant, and almost 
any desired result may be obtairfed. Falirion sums tip ffte 
‘results of his extensive rfcsearches dn the fish oils as follows : 
By far the most predominant solid fatty acid in fish o.ils is 
palmitit acid. Of liquid fatty acids they do ifot contain any 
of, the k'fioV/n members— oleic, linolic, linolenic, isolinolenic 
acids-<-but, on the othei hand, a hitfierto unknown hepta- • 
decylic acid, asellic aqid and* ako— as a character- 

istic constituent' which, is the cause of their ready oxidation— 
the isomer* of Hnolejiic acid, jecoric acid, CigHg^Og. Very 
probably there, are also ofhcr uncaturited fatty acids present ; 
for example, thd faqt that in t^e combustion of oxyjecoric acid 
an excess of hydrogen i^s always found indicates the probable 
presei\ce of a fa,tty acid Isomeric with linolic acid. Neverthe- 
less, iince these other fatty acids do not conform to Hazura’s 
law, nothing defmite^canfbe stated on the subject until further 
methods of investigation are discovered. 
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Preparation of Degrgis fron{ Pish* Oil . — A considerable 
amount of degras is^^repared by a*not very»complex methj?d, 
fish oil being cqnverted Into anV»m>ilsion iin *t 4 ie follcAvir^jg 
manner: — , # ^ ^ ^ , 

A 10-20 percent solution.of, potash is heated to boiling 
in a large pan, and jish oil is run into^the hot^li<3yid m a 
thiri strearn, from a vesseUsituated at a higher level, the two 
being* kept continually in motion by ^mcans of'^a stirring ap- 
paratus. The quantity of oil employed must be determined 
for the various kinds of fish oil in jeach case ; many kinds 
may be used up to ^o per cent, of the weight of potash solu- 
tion, whilst with others the supply must b*e cut off •much* 
sooner. ^When all tl]e oif has been added the 'ffeddles are 
kept at work for some time longef, and the mass^ is c*on- 
tinuously heated, samples being tafen from time to time, 
until, aftei* prolonged standing in a tall test-glass, the mil*ty, 
and apparent!}^ homogeneous, liquid does nojt separate into 
two layers, but only becomes thicker cooling, whereupon _ 
the operation is cbnsideredt'at an end. Thfe di^gras is allow^ 
to cool, but still kept stiri*ed, contyiuously, until ft begins t<^ 
thicken, when it is at once poured into the packages in which 
it is to be sent#out for sale. 

In ^he majorit)^ of instances the operation thuc petformed 
is* conducted to a suc^^ssful issue, ^ degras conforming t(T all 
requirements beir^ gbtained^ Wi^Ji some oils, however, all 
the trouble taken to ensure usable product seefns wasted. 
For example, the material may be h’eated ^and ^tirrfed, hour 
after hour, and the profjutt \^ill ?itillf outstanding, allow a gr#at 
portio*n of the fat to separate'out again, a cy'ctwnstance* lead- 
ing to the conclusion that some kind* of §sh oil are incapable 
^of forming an emulsion witl) potash solution. On this ac- 
count it is always advisable to subject .oils mtended *^oT the 
rttanufacture of degras to a prelifnijiar^ examination to de- 
termine their behaviour in this connection ;* the test can be* 
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performed in an enamelled vfsse\ with' a few quarts of po?ash 
solution. 

, Fish oils'thati will iv)h ^mulsihf ‘ properly with potash lye 
can, nevertheless^ lie easily worked up into dcgras by first 
boiling a very weak solution; of caustic soda in, the pan, then 
stirring, the oil in until the liquid is, milky and adding a 
highly concentrated' solution of potash, stirring incessantly 
until no more drops of^fat can* be disceriled in the mass* ; the 
above described test is then performed. The operation is con- 
ducted as follows : In a pan of suitable size, soliA caustic soda 
at the rate of i kilo (2*2 lb..) per 100 Jitres (22 galls.) of 
water %ls dissolved. Two vessels, one*containing the fish oil, 
the other *"t*he concentrated potasH solution, and both fitted 
wfth taps, are placed afbove the pan. Yhe potash solution 
is prepared by mixing* the potash with its own weight of 
water^.and leaving them to stand ith occasional^ stirring, for 
twenty-four hours, at the expiration of which time the con- 
centrated liquor is p(\ured off from the undissolved oortion 
a;id* placed in the Vessel referred t6» 

« The so^a lye is first beated t6 Veiling and t^ie tap of the 
oil vessel then opened wide enough to allow a stream oMhe 
oil, of the thickness o£ a lead* pencil, to floW| the liquid in 
•the pan •being meanwhile stirred with vfgour. When the 
liqiTid has become milky after all th(J''oil is in, the potash 
solution also is admittedt ifi a thin stream, and the‘Vhole 

« • r ' 

stirred untH the k'ample shows a, favourable result. 

If if js rlesired to have a thick salve-like consistency, in 
the finished product, h somewhipt larger quantity of caustic 
soda^fnust Ibe. \^ken a't the out*set and the solution mfide of 
1^-2 per cent, instead (if i per cent, strength, the amount 
necessary being csirefully Ascertained by a preliminary ex-^ 
perim^’^t, since*ah exgess of soda will make the cooled product 
more like soap than salvp. ' The degras should be of such ‘a 
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\ ^ . • 

consisiency th^t it can bSs, easily subbed'on to the leather by 
the finger and as readily absorbed. 

Preparation of Degras* afcoraifig* to^ lhrrburger.-^\\i% 
methods of preparation are : — • * » « • 

(1) 50 l<ilQe of raw linseed oil, \ i$ kilos of fuller’s grease 
(previously left to stand for four or^five days oven sji&nt pine 
tati), 25 kilgs of ordinary fi.^h oil, 16 kilos of soft (potash) soap 
and I* kilo of lime soap, perfufned wid^ xoo 

^valerian and \ per cent, of butyric acid. 

(2) A mi^fture is prepared from fish oil, a fish oil .soap 
boiled with lime, and ibo-120 per cent, of water, by shaking: 
together until the mass ^ets. 

(3) mixed, iaccording to requirements, wffly tallow 
and potash. 

Preparation of Commercial Dtgras . — Jha white liquor frojp 
the* sham oyiijg process, or*tl>e oil obtained thprefrom^ and 
known as pure *(l(^gras, mollo, ,or mocllon, is on»fy one of the 
, constituents employed in commercial degras; even the Paris 
makers,® recognised*as the bt^t producers of clL'gVas, only usihg 
it as an adjunct. When tht waste product of shanK)ying no ‘ 
longer sufficed to supply the demand, factories were erected 
to treat skins •.vith the sole object ctf ‘producing mocllon, 
soaking them in oil and'tli^n wa.shing them with pc»tasb many 
iinjes^ until the skins were eventuaUy completely dtstrgiyed. 
This product forms<on^ constil^ient of cogimercial degras. 

P'or the production of the latter are required a copj;>3r pan, 
a wide wooden vat, a stirrer and a filter for ^traiifing. The 
materials are moellon, fish ©ij, wobl fat, an^d cc^nysrcial 
marble or freshly-burned white li^e, the l^ttei*coViverted ifito 
hydrate by means of 30'’ Be. caustic sb)da, ‘for which purpose 
5p kilos of soda lye are requifoll per foo kdos^of white^liijie*. 

I. In the first place 80 kilos of fish* oil and 2 kilds of* 
mafble or lime are placed in the paw (w*iich*must be large 
enough to hold double the quantity) and heated To boiling for 
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aij hour, with continual stirj-ing, irt (jrder that two may 
co'i7?bine thoroughly and the marble be prevented from sub- 
siding to the ^bottom which if lit occyrred would give rise to 
charring, and thus render the oil dark coloured or black and 
unlit for use. The mass froths strongly ; after the surface 
has become clear again the contents are- passed through a fine 
silk gauze ^ieve into the vat a'ad cooled down to 45° C. 
Meanwhile, 50 kilos ok rain or river water are heated to 30"" C. 
in the pan, along with tlie residue left in the sieve, and when - 
the mass in the vat has-cooled to the prescribed temperature, 
the water from the pan is run ;nto it in small portions through 
the cieve, while stirring is kept up. When all the water has 
b^en incorporated, the stirring is continued until the mass is 
perfectly cold and it isjthen left at^rest ; the product will have 
the same degree cf consistency as a .soft butter. 

Gn the following day 200 kilos of moellon stirred in„ 
without heatijig, followed by a mi.xture of 100 kilos of wool 
fat, 50 of fish oil, 10 ofvtallow and 10 of palm oil, previously 
warmed to 40° C in the pan and stirred until thoioughly 
intermixed. The whole is then ’Kept stirred until perfectly 
cold, and at the end of twelve hours, by which time it will 
have attained a .soft Duttery consistency, it can be packed into 
th9 transport casks. If the water^has been used too hot, or 
the above temperatures’ exceeded, the degras will be quite, 
fluid, Welter will .sepairate out 0: standing -and the mass soon 
become, infested with piould. 

2. Forty kilos of pale Greenland) fish oil are warmed 
ind^then ^nixed by ‘\tirrihg with* 

i*^kiIo caustic iime from marble, and 
15 kilos water, followed by 


too, „ 

"natural a^Sg.^’as, 

10 , „ 

light fish oil, 

15 

Lagos palm oil, 

40''®, 

purified wool fat, and 

30 „ 

water. 
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This d^graa conta^ns^n plrcerrt^ffes :* — 

Pale fish oil, 20 ,* moll^ (degras), 40 ; palm oil, 6 ; w^ol 
fat, 16 ; water, 18 ;• and by reaion cfl* ifs cpntfent of soap and* 
albuminoids Jt protects the leather 'ffom ckying up an (4 pre- 
serves it for a long time. 

Wiener s Method ,— deep pan i.s selected for heating *by 
direct fire; ©r, if steaip be disposal, a w 5 od&n v^t, arranged 
for stearp heating. In either case stirrers are provided, these* 



appliances consisting tof a veiitical ^haft, (passing d®wn the 
centre of the pan driven by glaring o\^erheacF), to wliich are 
attached several lateral arms,^describing gircles wh(?!i the shaft 
is revolved, and keeping* flie contents of, the pgn in^cor]jtinu^l 
motion. When fire heat has t(^ be employe!?! it* is advisable 
not to lei the flames come in direct*cont^ct with the pan, 
twt to surround the latter wi^ a w^ter .ja(?kpt as shovNaj, in 

Fi|. 75. • . ' ' 

The pan K, mounted in the brick*work seating H, is sur- 
mounted by ^ wooden extension A, with which it makes a 
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watertight connection, that" by this means the pan M, 
wl^erein the dcgras is prepared, 'can be placed in a higher 
position. represents* the stirrers, and D a wooden lid 
covering the pan M. this arrangement the temperature 
in the latter vessel can ncvei exceed boiling heat, and con- 
sequenth^ the contents are prevented horn charring. 

A solution of 5 kilos (ii lb.) of potash in tq litres (2 '2 
galls.) of cold water, j prepared a day in advance by stirring 
up and then allowing to settle in a suitable vessel, is placed 
in the pan and 90 litres (20 galls.) of water ar^' added thereto, 
^ the resulting weak lye being heated to boiling, and a few 
kilQS of fish oil run in in the form of a thin stream with con- 
stant stfrring. The heating and stirring are continued until a 
sample taken out is found, on cooling, to have the consistency 
pf degras. 

'^he operation may also be rnodified by mykfng an emul- 
sion of fish Oil with concentrated potash lye in the pan and 
then adding water until the proper consistency is attained. 

0 /ein Degras . — The olein or oleic acid obtained al^ a bye- 
product in candle-makitig can be ‘'advantageously utilized for 
the preparation of a very useful degras, which is, however, 
inferior in its properties to that produced froiL fish oil. 

The mode of preparation is tl>e same in both cases, the 

*' ri/ 

operntioh commencing with the running of the olein into the 
boiling caustic soda lye.' The format’An'of the milky liquid 
is generally effected more quickly than when fish oil is used, 
and then I'ollow's th^ addition of potash lye and stirring until 
the product is finished. 

If it appears from the quickly cooled sample that the 
material is still too liqtlid, a suitable quantity of olein soap is 
ad(1ed to the (still warrri) mass^in the pan. In order that the 
soap may quickly dissolve without leaving any residue, it is 
essential that it should be cut into thin strips and the stirrmg 
continued until no white flakes of undissolved soap can be 
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detected in a carefully ei^mi#ed prr^ple# taken from the pan, 
the mass on the contnary appearing *perfectIy4iomogeneous, ^ 
Many practical ^men are*©f opiifip^i Jthat a jDrcnfn-coloiJi*ec^ 
degras acts more powerfully than ^ tpale oij^, & supposition 
that is nevertheless without founcjation, the brown coloration 
depending merely on J;he use of dark-cojoured rnat^rials.in 
preparing the degras. Thed^niand for dark-cQiloureci products 
can eas^ily be met by the employment oj" a suitable colouring^ 
material added to the hot mass, a 4nghly-concentrated ex- 
tract of tan or tannin being the most s^uitable for the purpose. 
The liquid in question is run iu a thin stream into the hot 
degras and stirred until .the colour is uniform i^it is, hov^ver, 
Accessary to see that tjie dbgras preserves its salVb-Hke con- 
sistency. When spread out 'rather thickly over a gla^s plate 
and held* up to the light, well-prepared'degras should transmit" 
theTight un^if^rmly without displaying any dark patches in tfie 
mass. ** ^ 

Degras from Waste Fat . — By suitat>lc« treatment any fat 
wltich, «by reason bf exceeding impurity, fs’ ocarcely fit io; 
other purposes may be convehed inta degras. Thqs, for ex- 
ample, a very useful and high-priced degras pan be prepared 
from the dark »nd repulsive sirielling fat> obtained by boiling 
bones th^t are already hi an advanced stage of putrof^.xtion. 

. ^'^ For this purpose th^'fat is heated.in a pan for half an hdhr 
to 120° ^o 130'’ C./.w^th contpiuecl sitirring (whereb)/ a very 
disagreeable odour is given off,), and this is tb,en stirred with 
4 to 5 per cent, of its weight of a ^ per^ cent;, spda lye, 
followed by the potash l^b a^ in *the#cas*^ of the dbgras made 
from fish oil. In this manner can be * obt^jnfed-^gendfally 
without any soap being required for thipkening — a brown 
degras fulfilling, all the requir^enfs uthat can be exacted ^f 
the product- . •' r 

® Black degras can be prepared *bx* sji^rring into the hot 
dbgras, coloured with tan or tannin extract, so'rqe green vitriol 
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(fei^rous sulphate) dissqjved ir>>a^Vmall quantity of water, 
Vvhereupon the e^ntire mass hecomeVdeep black in colour, 
^udi degras^orpis an ^,x<5;|dlent emolient for black leather. 

W(5ol Fat (’v^ollfett, Wollschvveissfett, ’Suint). 

r Mater iaL — The wool of the ^heep, which contains a 

considerable quantity of this fat. 

Prepay (Hum . — By extraction with carbon bisiilphide, 
petroleum spirit, etc., in the usual or specially constructed,, 
apparatus. The crude^ fat contains also decomposition pro- 
ducts of gelatinous and albujpiinoid ^ub^stances, to which the 
darkfiColour of The substance is due. Jf these products be suc- 
cessfully . 'removed before they have undergone decomposition, 
cl {)ale yellow wool fat io obtained, with gelatine and albumin- 
oids as by^-products. ‘With this end in view the besh material 
to employ is the solution of wpo! fat obtained by extracting 
the crude faj: or dissolving it in suitable solvents. This is 
treated with a smaM s^ddition of syrupy phosphoric acid or one , 
pfothe following' precipitants : pyeo- or mefla-phosphoiaic arid, 
acetic acid, lead acetatp, tannit <acid — well stirred up and 
mixed without interrupting the stirring — with 2 per cent, of 
benzine, alcohol or ^strong spirit. In a ver}^, short time the 
precipitatfifd substances will have settled but. The amount of 
phosphoric acid, etc., necessary for ‘die precipitation varies 
with the origin of thewqpl knd^the conten^of fat, and must be 
ascertain&d befiprehand, but a? a rule it will not exceed 2 per 
cent. 6f tl^e fat. The clear and now pale yellow coloured 
benzine solution separated fi‘om/ihe‘ precipitate resulting from 
the ‘dtove trtafment can be evaporated without deliy, and 
will leave behind ^a pa!e yellow fat If, instead of, ordinary 
wool fat, neutral, „wool .fat is o^esired, the solution freed from 
the*^ precipitate 'is nqt at once evaporated, but is first treated 
with aqueous (alkali, 'heated and well stirred, the aque6us 
layer containing the resulting soap being separated, after 
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stancling a short time, tlye supernatant solution, of neutral 
fat in benzine. If t&’e separation is attended with difficult}^ it 
may be facilitated by the addition ^ little ^Icobol or spirit 
The benzine containing the neutral ,fat can th^n be evaporated, 
or may be first treated with cajcium .chloride for the removal 
of any particles of water (and traces of soap dissolve{^^ therein) 
iir suspension. ,, „ 

The separation of the gelktinous and albiihiinoid sub- 
, stances from the wool fat is easily effected in the above- 
described marmer, provided the crude /at, or fatty matter from 
which the fat has been - dissolved by benzine or the like, has 
not been previously subjected to prolonged heating If, ' 
iiowever, the fat in the benzine solution employed bas already 
been once heated to completely expel the solvent, or^ brown, 
commertial wool fat obtained from crude^ wool ,fat by hot 
pressing or similar methods is, used, theii the separation of fhe 
gelatinous and albuminoid matters by the aforesaid precipi- 
tants is incomplete, owing to the partia,l,> decomposition which 
hl?s taloen place hi the fat. ' The product, it is true, is paler 
than the original material, obut will riot yield a light-coloured, 
yellow fat. It is, therefore, necessary to lay particular stress 
on the selecticfi of a material in which the gelatinous and 
albuminoid bodies 'have not suffered decomposition. The 
precipitation of the extraneous ma^fters is best effected by 
using highly concentrated ai^ids, si^,ch as the syrupy ortho- 
pyro- or meta-phosphoric acids, glacial acetic t-acid, etc. 
Alcohol by itself will not produce any precipitate.' The 
simultaneous or successive ac,tion ohthe aforesaid precipitants 
and aPcohol on the dissolved wool fat, with tl^e object of pre- 
cipitating the gelatinous and albuminpid rnatters, is difficult, 
and it is necessary, after ascprtaiilii-ig the presence of suth 
substances, in the wool fat, to find the reagents suitable for 
thfeir precipitation, since this canndt jje ^deduced simply from 
scientific chemical data, the aforesaid precipitants being unable 
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by themselves to precipitate m^ttqrj' from solutions of wool 
fai^ this result only ensuing on tKe addition of alcohol, which 
latter substaiice also, b/<S:self^ is incapable of effecting pre- 
cipitation. ‘ ' 

A considerable amount of crude wool fat is obtained as a 
by6-prod,>ict from wpol-washing works, ^specially in the York- 
shire distiict. The soapy liquor‘-' from the washing becks 
being run into brickwork tanks, where it is treated With a 
slight excess of sulphuric or hydrochloric acid. The fatty 
matters which rise to thp surface are skimmed t^ff and pressed 
in a steam-heated hydraulic press from which the melted fat 
runs into a cistern. The acidified liquid, still containing some 
fat in suspension, is run into the nearest stream. The press ' 
cake still contains 15 to 20 per cent, of fatty matter, and it 
would seem worth while to extract the cakes with a solvent; 
there^is also present 2 or 3 per (pent, of nitrogen, so that they 
can be used .for fertilising purposes. The crude wool fat 
contains in addition tq the true wool fat a certain proportion 
(?f free fatty acids derived from tre soap used in washing ^he 
wool. According to Lpwkowitsck a grease prepared in this 
way had the following composition : — 

Volatile acids ^ ' U28 per cent. 

InsrluHe free fatty acids 20*22 ,, ,, 

' Combined fatty acids ..... . 48*47 ,, ,, 

Alcohols (cholesterol, etc.)’ ., . . . . 36*47 „ , 

This crui^ woo) grease is employed on a large scale for oiling 
shoddy, '’it is also distilled and separated into an oleine and a 
stearine. 


Properties. 

Specific Gravity . — At * 5 *^ 0'973 (Schaedler). 

'Melting-Point .— to 42*5" C. (Stockhardt). 

Crude wool, fat is greasy, unpleasant-smelling, yellow 
3r brown mass whicli, by reason of its high content of choles- 
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terin^ isochole^terin, ani .their ejjterfi only with* difficulty 
saponifiable. Morecfver, it* contains, in addition, glycerides 
among which occuf those o*^thp lovifiriatt^ a«id^ vaferi® 
acid) and potash soaps of the saii aci(Js/ Accordyig to 
Darmstadter aijd Lifschutz wool /at Contains lanoceric, lano- 
palmitic, myristic, ancl carnaubic acids, also two.lic^iud ffnd 
orfe volatile^acid, ceryl alcok®!, cholesterol, •isoiholesl^rol, oxy- 
cholestferol (€26^^440.^), and the ether of ^Jie latter 
While LewkowitsclT states that it {Srobably contains lower 
saturated alcolfols and also some hydyoxy acids. Altogether 
wool fat has a ver}* ccfmplicated composition. When sub- 
jected to distil latiotl it yields distilled wool fat which hift^ the 
Tollowing characterisdc.5 : — * 

Melting-point, 42"" C. ; ^ setting-pctint, 40'' C. ; melting- 
point of*the fatty acids, 41-8'' C. ; setting-point o^ the fat^ 
^acicls 40"" 0. 4 saponificatioif value of the fat, 169*8; o[ the 
fatty acids, lyo'S ; iodine number, 36*0 (Hubl)..« 

Distilled wool fat consists almost pxdifsively of free fatty 
acMs aifd cholesterfn. When it is treated in*thd usual manifeifc 
for the separafion of the iiAo*luble faW:y acids a whi^ mass is 
obtaiyed, which, in a few days, becomes y«llo^ and then 
orange, and, bytreason of the presence ©fi vc^latile acids, 
resumes, the characteristic smell of wool'fat. 

. ^Purified wool fat i? met with in commerce undei; the 
names oT lanolm ctr .^deps la^ce liydrous, containir^ about 
20 per cent, of water, and Adep^ lance anhydrcais. The crude 
fat, which under the designation of Gisy^is w.as entplyyed for 
medicinal purposes by tkl ancients, •is a brown evil-sniellinl 

m* ^ ^ • * •fc*** 

mass. According to Jaff6 and^ Darmstadter the following 
means are employed for its purification. •The soaps present 
ip wool fat are«converted inJ:q^nsorul 9 le fatty salts by me^arfe 
of aqueous, solutions of salts of the alkaline fiarths, co* by^ 
me1:allic salts, and the mass treated in liie ^ntrifugal separator. 
It is then extracted by boiling acetone, wherein the wool [at 
* 18 

f 
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alone is soluble, and this sybstuic^ js recover^ed by cooling 

tfie solution or distilling off the acetor^. The crude woo 
iat treated with alkalnic earths can also be dissolved ir 
benziae, benzol, ^(cylol, toluol, isobutyl alcohol, amyl alcohol 
or carbon bisulphide, and ^the soaps throwt| clown by ar 
addition of. acetone.. Instead of centrifugal force, lime watei 
and an aqueous rsolv.tion of a .salt-^f an alkaline earth can b( 
used for separating ^he wool fat from the wool wa.jhings, 
The precipitation of the lime soap breaks up the emulsior 
and causes the separi\J;ion of the kit, which can then bt 
skimmed off, and, when treated with alkalis, it can be madt 
to yitild up its fatty acids. When the products of the reactioi 
are treated with methyl- or ethyl-klcohol lanolin is left behinc 
as" it is insoluble. Also in treating wool fat with alcoholi( 
potash tho pure wool fat remains undissolved. The .vool fa' 
is made into an emulsion with ainmonia, and strong alcoho 
is added, whe^reupon the pure wool fat is precipitated ; and i 
is this fat that, when kneaded with water, is put on th( 
market as “ lanolin”. It melts at 40“ C. and can absorb a: 

L'muchas J05 per cent, of water without losing its salve-liki 
consistency.. Being saponifiable with difficulty, and not be 
coming rancid, it is used as a basis for salves^ an adjunct tc 
cosmetk' spaps, etc. A. von Rad removes the colouring anc 
odorous iTiatters of crude wool fat by Vacating it with oxidising 
agents, such as bleachmg po\vder, o^, pf?rmanganate, in ai 
alkaline :5olution, the wool fat being subsequently extractei 
with strong alcohol, benzine, carbon ether, benzol, tetra 
chloride or chloroform. 

In order to,, obtain perfectly neutral products, wool fat i 
esterified in admixture with oleic acid, of which, however 
ho addition is really needed, sjice this acid is present in th 
raw material. This, is treated with alcohol and sujphuric aci( 
(66° Be.). Rai de.'iignated the mixture of cholesterin ether 
(wool fat) with the neutral ethers of oleic and ricinoleic acid 
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by tTie name of “ lanesitj*”. ^rhe Nordd^utsche Woll-kdmmerei 
It . Kammgarn-spuineiei prej^ares neutral woq( fat by adding 4o 
the crude wool fat, throwif.down f^4)m the wool* washings* 
sulphuric acid, some fat solvent sut^h as' byiz^ne or carbon 
bisulphide ifeither before or after neutralization, following this 
up at once by a solution of common salt, magnesium chlorjde, 
sodium sulphate, etc. soap Ts thereby^ sepati^ted from 

the dissolved wool fat, which ciwi be recovered b}^ evaporating 
the solvent. The use of sulphuric iaerd in this process may 
be supersedeciby sulphurous acid, which prevents putrefaction 
of the washings. The •product so obtained is introduced into 
commerce under the najne of Adeps laiue for^phai'mac^utical* 
purposes. J. Roos emulsiftes wool fat with boiling«^atef and 
soda soluuon, the layer of unsaponifiid cholestbrin c^lectjrtg 
ofi the surface being skimmed off anfl the residual efnulsiofi 
tr^ted wiUi dilute acids for^the recovery of the fatty acitls, 
which latter are employed in soap-making undef the name of 
“ patent fat 

•• Pitgification of Wool J^at. — The’ prepafa^ion known, a^s 
lanoline, now* widely used 4^i*the mai^ufacture of pomades anc^ 
for other purposes, is a product extracted from wool fat and 
possesses the f^operty of forming emulgipns with water. The 
process of extractic^i and separation fr/)m tfie free iay:y acids, 

^ odoriferous bodies, and^otlier impurities of wool fat js effected 
in tTie following n:]|inner 

An autoclave of some i 500 litres 1^330 ^alls.J 'capacity, 
consisting of a copper cylinder witl! well-jriveted *ends, is 
employed, fitted with |•m^ftlhcfle tlfe upper part for the 
introdliction of the charge of \^ool fat, add the*(fljid’ ndt(?5^ary 
material^ for the process, the cover b^ng spewed down whilst 
the apparatus ^is in use, and j^ovidej withp ring so that, it 
may be removed when required. 

• Two steam coils are situated ^t fhe bottom of the autd- 
clave, the one being perforated for blowing ifl steam in order 
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to raise the temperature rapiclly andrensure the agitatiotVand 
intimate admixture of the contents of^the vessel, and the 
other closed, .the function , of this .latter coil being to maintain 
consta^nt temperature at^ the close of the operation, and so 
assist the separation of the soap from the etherised fat. In 
the. middle there is a tap for decantation, and an outflow tap 
is provided at ^t he base of the^^^pparatus. In addition rto 
these fittings the autoclave has a pressure gauge and a. safety 
valve. 

About 800 kilos (1760 lb.) of wool fat is, placed in the 
autoclave along with a hectolitre (22 galls.) of caustic soda 
' of Beaurric strength, sufficient to .saponify the free fatty 
acids. The manhole is then hermetically closed and steam 
is , blown in for 3 hours at a constant ' pressure ol 2 atmos- 
phere.s' Into the mixture of soap and wool fat thus obtained 
are run 200 kilos (44O lb.) of water and 300 kilqs (660 *lb.) 
of acetic ether, the whole being then maintained in a state' 
of brisk agitation hy blowing in steam under 4 atmospheres’ 
pressure during *8 hours. Thi,s operatbn results ^^in ,the 
, solution in the ether of^the unsappnified wool -fat, whilst the 
water absorbs the soap and the greater portion of the im- 
purities. ’ ^ 

On cutting oft' the supply of direct steam and keeping up 
the temperature by the aid of the closi^d steam coil, the liquid 
separates into two layers^ the ethereal stratum — being lignter, 
and, therefore, ^^t th’e top— is^ then removed by decantation 
through the upper tap', and washing with several additions of 
alkaline water at a Vemperavure of 60° C. is resorted to in 
ord,e^' 'co fieptralize the acid liquor, the two final washings 
being effected with pur^, war\n water. 

,, On distilling off th^acetic^^ether, which may be used over 
and'cjjVer again 'for an indefinite number of times, the wool fa'c 
Is obtained as ^ white, neutral body, which, when filtered, may 
be employed fdr the kme purposes as lanoline. 
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The water^ charged iwith# soap drawn off through* the 
large tap at the bolSom o^ the ap'Jjaratus, and is collected Jn 
a lead-lined iron yat, whefc it is t^l^d by jteam. The^'v^ 
is fitted with two taps, one about J)|ilf-way^yjp*and thg other 
at the bottdm.^ This soapy liqiio/ is treated with a 5 per cent, 
solution of 66® sqjphuric acid in order to neut^ajize .the 
al 4 cali, and, after leaving settle a whilfi, the aciaf liquor is 
withdi^wn and washing performed with pure watef, maintained 
at boiling temperature by means of a jet of steam. 

When theikvashings have become r^eutral, which can readily 
be ascertained by the and of litjmus paper, the fatty acids are 
collected and may be employed for soap-ma*king, for «vhich* 
^hey are admirably adapted! 

The acid liquors produced in th(?5e several proc^ses are 
stored in reservoirs in order that the fraces of fatty acids con- 
taified in thepi may ascend "to.the surface and be recovered by 
dimming, and^he acidified water may be utili2^d in succeed- 
ing operations. 

•• Lanolin Substitute . — Owing to the shortage of variolas 
materials th^ question of%sTibstitut»s has become^ very pro-# 
min^nt. Among the many things which ar^ now difficult to 
obtain may b^ mentioned lanolin, tha purified fat. from the 
wool the sheef? ‘Lanolin is used in pharnjacj* in the 
,n;j^^ufacture of ointnifnts, plaster^ bougies, etc., for wffich 
purpose* owing todts^unctuoi^ nature, the ease with^ which it 
is emulsified, and its ready absorption by the*skin,*itps emin- 
ently fitted. In The Journal of Industrial ^and ^n^neering 
Chemistry, S. Axelrad dd^crll)es*histinvestigations undertaken 
with a view to finding an elficient substityt^.* The | 5 awer 
which lanolin has to absorb water in«uch^ high degree was 
^ascribed by Li^brich to the e^rs df cholesterin which it con- 
tains, but Parmstadter and Lifschiitz, aftgr maldng a thorough 
e^famination of wool fat, came to* tjie^gonckision that this# 
emulsive power was really due to alcohols 0/ the iso- and 
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oxycholesferin group.r A substance k/iown as “ Encerin was 
afone time imported from'^Germapy, anciUnna, treating upon 
(i'inti'nent ba'se^s, states that, this product is a mixture of alcohols 
of the^iso- and o^:ychole?terin group in admixture with petro- 
latum. Unna, however, d\d .not give any rnethbd for the 
preparj^tion of these alcohols, nor did ,Roemer, who has also 
written upon the rubject. Grimr recommended the use ^Df 
fetyl alcohol' (Cj^HgjOH) as & substitute for lanolin, and the 
author therefore investigated this substance in order to deter- 
mine its suitability. Np satisfactory method fa; the prepara- 
tion of cetyl alcohol on a commercial .scale has yet been 
published, therefore attention was first directed to determine 
the cheapest and most practical method which would give the^ 
highest, yield. After re^^iewing the methods which have been 
suggested, ,the author carried out a .series of experiments, and 
found that the best process consisted in heatings* spermaceti 
with .lime and^a little water to a temperature 'of (f! 

At a temperature of about 240° C. cetyl alcohol distils almost 
unchanged in (ihe' form of a white vapouf, distilling oven'-to 
(form an o/l which soon G-y.stallisds^o form a solid mass having 
a melting-point of 49'5"' C., the yield being 40 per cent, on the 
spermaceti. ^ 1 ’ < 

Mixt,ur(;s were made of this cetyl alcohol with petrolatum, 
wa\:er. and a little lanolin, the followin^^' being found to be v^ry . 
suitable, and moreover show'ed po change after keeping for a 
period of"i7 nconths : Petrolatum, 70 parts; paraffin (m.p., 
60° C.)‘, .20* cetyl alcohol, 10 ; lanolin (anhydrous), 5 ; water, 
parts. The phystcah properties' cf this mixture resemble 
lanafin very cfdsely, and it can 'be substituted for the Ikter in 
any ointment or otheii* preparation. It is stated that the 
laSiolin is employed to impart tp the mixture the “ unctuous ” 
feeling which ‘'is so, characteristic of wool fat; otherwise, it 
^could be dispersed ^.^vitb. 



CHAPTER VIII. 

THE iIyDROGENATION OF OILS*FOR CONVERSIOl^ INTO SOLID 
FATS. • 

inn LicaLiiiuiiL of oily unsaturated ktty adds and their cor- 
responding glyceridfes for the purpose of converting them into^ 

saturated substances of higher melting-point, and thft;efore 

^ • * • . 

of increased value, js*a most important problem which has 
engaged the attention of investigators for quite a mimbef of 
years. 

Theoretically the conveVsion of oleic acid injto stearjc acid 
according to the equation — 

seems to be ^ very simple reliction, requiring merely the addi- 
tion of one molecule of hydrogen to*each molecule bf the aci^ 
to bring about the desired result, but on furfher*acquaintance 
with the subject wt4 sh^l find that in reality the protJiem is a 
v«ry dtfficult one, whirjj, phough attacked time aft^r \ime, iias, 
unTtl re«ently, yielded but indifferent results. 

The passing of hj^drogen* through the liquid aeids under 
any ordinary conditions leads to no change whatever ; it is 
only by the application special meant thaf success*has be^en 
attain«d, the number o ? researches which havat>ee» pitbjished 
and the host of patents takerf out in connection with this 
subject, both in this country mid at)road, Being eloquent testi- 
mony not only^f the dififitmties met witli,«but also.t® the 
ilidomitable energy of those woskess who have macTe this 
special branch of work their own. 

( 2 / 9 ) 
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' The developlnents during the last/ew years have, how<cvei 
b^en of such a riature tha't.if is now'not »3nly p'ossible to con 
vertjDleic acjd into stearic acid, but to take ordinary oils, anc 
in the course of J fevir hours, wivhout decorhposing them, con 
vert them into smid fats/^ *^The importance of these discoverie: 
to the makers of candles ancf soap cannot be over-estimated 
but to others the subject* is of equal interest, for it is static 
that during the fiydrogenatioi] of fish oils, not orily ar^ the) 
Solidified but their vilfc t^ste and smell are removed ‘so thal 
they become fitted to be used for food arid ofher purposes; 
and they now compete Vith the oth^r more expensive solid 
•fats. • , 

<5 . . 

The pKQcesses which have been, devised for converting oleic 
acid into solid'acids may^^ for convenience 'be divided ‘Into three 
classes j— * 

* I . » Chemical pr9cesses. 

2. Electrical processes. 

3. ^ Catalytic 'processes. 

, These procf^sses are all fundavpentally chemical, th^ onfy 
difference being in the mpans by 'wjfiich the change is brought 
about, 

Chemical Processes. 

€ 

jThe com/ersion of oleic acid into g^lmitic acid is possible 
by what is known as Vat^reqtrapps reaction, melting v.ilh 
:austic petash : — 

+“2K0H = kc;h3A + kc^h^o, + H., . 

)qt as sfiown in* the<equation there is a considerable loss of 
material asrac^ftate, and, though tried several times on a large 
• scale, it has never been commt:rcially successful. 

^ By treatment of olqjc, acid with concentrated sulphuric 
acid,‘Geitel ob/afined' sulphosteatid acid (C13H35SO4H2) which/ 
oil boiling with water yioldod B. hydroxystearic acid(Ci8H35QJ 
■< and sulphuric acid. ‘‘Sc^imidt obtained a solid product (B. 
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hydroxystearic acid, m»p. C.) by Heating oleic acid •with* 

zinc chloride*to and t1i»n distillip*g in a currenttof 

steam for the removal of»the oleicjacid. This,resulted,^ow- 
• • • • • 
ever, in the production also bf a jarge •pr^ortion of stearo- 

lactone, and iso-oleic acid, together, with* unsaponifiaCle sub- 
stances. 

When oleic acid is treated with ’chlorine, bromirjb, or iodine 
the f^log^n is absorbed, forming, for instance, «l^ith bromine, 
dibrorrfostearic acid : — 

+ Br, = 

On submitting*thfs compound to the action pf zinc antj 
hydrochloric acid, whidi liberate nascent hydrogen, ol?u; acid 
is reform.^d : — 

+ 2HBr. 

• • • * 

If, however, the oleic hcU be heated to a temperature ot 
'200°-2io° C,, ^ith hydriodic^acid and amorphji>us phosphorus, 
as propo.sed by Goldschmidt in 1875? then the reduction i^ 
tftempiete, and stearic acid*is the result. Th^ constitutes tjie 
first successful method fowtbe syntl:>etic preparatioji of stearic 
aci^. About fourteen years later F. de Wilde an^ A. Reychler 
used chlorinef bromine, or iocline for«the^same purpose; for 
instance, heating oleic'acjd with i pef cent, of icyiiijt in auto- 
^ves to a temperatuif of 27 o''- 28 o'' C., and decomposing the' 
produef with a litUe^oap sol^ition. ^ 

The fat thus obtained ha<J a meltjng-pornt o^ 4p°-55“ C., 
and on distillation in ^ current of superheated ^.eam was 
separated into stearic t<?[d and otl^r products. The^comfer- 
sion, liowever, was not complete, amounting»t8*only about 70 
per cent., but the difficulty of recofering the iodine was so 
great that the«process was (b^nd to fee too expensive to CefTrv 
out on a commercial scale. 

Treatment of the oil with chloirn^. for Jhe formation 
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monftchlor^stearic acic^ and sufisejiuenfly saponifying thc^ro- 
duct was invented by Imbd'rt (Frepch 368,543 of 1906), 
w^hifs Zurer, after chlorinating, reduced the product with water 
and a finely di(^id^^d metaj (Ger/Pat. 62,407 of 1891). 

According to a patent of Tissier (PAench Pa't. 263,158,. 

Jan- 16, 1897) oleic acid is reduced to stearic acid when it is 

heated along witji water and metallic zinc under pressure irn 

an autoclave/ Oils heated under these cohditions are staged to 

be decomposed into fatty acids and glycerine ; at tH'e same 

time the oleic acid is coverted into stearic acid# Freundlich 

and Rosauer, however, after number 0/ experiments with 

oleic aipid and With bone fat, were unable to detect any stearic 

acid to ha/d' been formed under thdse conditions. 

' <- 

ELKccRorATic: Processes. 

‘The first clafin fo a^ly method fqr electrically red^icing oltic 
acid to stearid appears to be in an Austrian patent (No. lo,* 
400, July 19, 1886) jvhich was*' granted to Weineck. Ten 
yeafs later Ki^es^S' employed an ♦j^lectric current durii3.g t|;);e 
.^team distillation of fatty acids wi^i a view to increasing the 
proportion of solid acids therein. In 1900, Magnier, Brangier, 
and Tissier (Eng. 3363, 1900) proposed^ to acidify the 
oil mater, ial, with sulphu/ic acid, and, after dilution with water,, 

, pass a curi;ent of electricity through fiKimiass under a pressufe 
of 5 afmospheres. 

In the Hemf^tiennfe patent (Jtng. Eat: 1 572, 1905) claim is 
made forThe use of a special apparatus consisting of a chamber 
inrwhich a number d’ p^raltel meUHjc plates are arranged, 
thes^ ^feing'^pl^t^d alttoately with glass plates. The mtitallic 
‘plates are alternately coynecte^I with the two poles q,f a gen- 
erector, while the oil is sprayed ^ to the plates,^ and hydrogen 
is pasj^pd through under diminished pressure. By this method‘s 
iV'was found thaj 20 per‘cefjt. of stearic acid could readily be 
‘produced; by repeating the treatment this was increased to 
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40 Per cent, and after Jpres|ur^ to renpve tlie lic^uid add a 
further 20 per centj^oyld beobtaiifed fromJ:Tie latter, leaviti^ 
40 per cent of the liquid ftondensaj^on product.^ «f oleic^cid. 

Using nickel electrodes, and pas^sing*th^ current through 
an alcoholic solution of oleic ^acjd slightly acidified with sul» 
phuric acid, Petersen was able to obtain a yield of stearic ^cid 
equal to 1 5 or 20 per cen^^ * ^ ^ * / 

The best result? obtained* by C. F. Bohrtnger & Son 
(Ger. ?ats. 187,788 and 189,332, i^oS) were, however, witTi 
electrodes constructed of a metal, for instance, platinum or 
palladium, on whicji » finely divided or spongy, form of the 
same metal had been deposited. Here we approach ^losel/ 
to the purely catalytic rrfethods, there being pravticalfy no 
dividing fine. 


3. Catalytic Processes. 

Catalytic agents are those substances whic 4 i brin^ about 
chemical changes without undergoing ajiy material alteration. 
Titis l^ing the ca«e, they aje very orten able; lender favourable* 
conditions, to do an amougt*of work altogether out of propor- 
tion to their weight, and at much lower temperatures than 
would be posjible by strictly chemical, means. * The natural 
unorganised enzymes or ferments, such as diastc^se^*ptyalin, 

^ pjlncreatin, etc., and tl». active principles of yeast* the butyric, , 
acetic, and other Jiving organis^ns^ are all catalytic agents 
which induce changes in the surroundiilg mgdiun^s*necessary 
to the life processes of the particular organisms whiett -produce 
them, and at ordinary! tcmpetati^res •or at very moder^^te 
temp^atures bring about mo^t remarkable rcSi^tiotis \^ilh the 
greatest; ease. 


Certain inorganic substa^es,«foj; instance, finely divided 
'metals, metallic oxides, etc., have alsd beti; found*^ft) be 
specially active in certain ways, afidjto resemble the natui^J 
ferments in their action to a certain degree, therefore for this* 
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reason they have beeq referred tp by -'Sabatier as inorgan'lc or 
“(Chemical ferments” — a designatjon \y:hljch is not altogether 
mis^^aced. 

The first reco^^ni{ion of the activity of an inorganic cataly- 
tic agent was made in 1,820 when Edward Davy prepared 
plat;inum black and found that on exposure to air it absorbed 
oxygen so, rapidly a^ to become r^(;l hot, and that on moisten- 
ing with alcdiiol it caused the ktter to take fire, 'the affinity 
oY this finely divided p'latinum for oxygen is rather reniarkahjp 
as no chemical action is observed and no oxide ir formed ; the 
action is sim-ply a physical one, the oxygen being condensed 
bn th^. surface abd in the pores of the petal to such an extent 
, that, 'as st-\ted, the metal can absofb more than 800 times iti^' 
o\Vn vofyme of the gas. ♦ This finely divided metal loaded with 
dxygen'has now become a very active catalytic agent/ but, as 
' willi be shown ' lafer,*' not only can platjnum bl^ck abs6rb 
oxygen, but it^ can also absorb hydrogen or other gases, ancf 
thus its activity may m other directions be equally as power- 

4 In 1822 Dobereiner prepared ‘Spongy platinum, and found 

* that when hydrogen was passed over it in contact with air 
the. metal spontaneo,u§ly heated up until thp gas became 

* ignited ; ithis is the germ of many of the present self-lighting 

o devices for, incandescent g^s burners. * feater, Coquillon showed ^ 
that when palladium foil, (a* similar metal, to platiniTm) was 
put into a mixture of ‘hydrogen. or other combustible gas and 
oxygen,** combination al once took place without explosion. 
Spongy palladium has*sincf; b^en produced, and also palladium 
black, •'A^hich is*^#Jill more active." ‘ 

Other finely divjded petals have been found to have active 
properties, as, for, instance, “spongy” iron, wjiich was used 
by BljY^hof for th‘e filtration of water, and finely divided fead,'^ 

, which is pyroplpric,^ spijntaneously taking fire immediately 
' it is brought inj6 contact with the air. 
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fn 1871 Saytzeff fo^-nd yiaf nitrob^hzol could be redviced* 
to aniline by passing ^it in the fcfrm of vapour along with 
hydrogen over palladium Wack. 

In 1901 Senderens obtained a^^ateiit (derr Pat 1^9,457^ 
of 1901) for the same purpose, ^but cimploying heated metals, 
for instance, nickel, copper, cobalt, iron or palladium, ^nd 
hydrogen or water gas. 

This is* an interesting patent because for Btie first time 
qjther metals besides platinum and palladium, notably nickel, 
are recognised as catalytic agents. It was followed by a 
considerable amount ofiwork by Sabatier and Seaderens upon 
the action of various catalytic agents, which Work* for^jis thef 
fcasis of our present knowledge of these remafltable * sub- 
stances. 

During the years 1901 to 1904 s<?veral papers by Sabatier 
and Sendei^ns appeared, these being deVoted !o the reduction 
8f nitrobenzol by means of finely divided copper^? the synthetic 
preparation of marsh gas (CH4) from ^carbon monoxide and 
dipxic]^ by meant of finely divided nickel ;* here cobalt ^as 
found less a<?tive, and platyitim, pall^^dium, and iron are state(j 
to have no reducing action ; direct reduction of nitro-deri- 
vatives and oxides of nitrog^ by fiticjy divided nickel and 
cobalt; conversion* of- aldehydes and ketones injto#- alcohols 
b^^ySrogenation, andijifect hydrogenation of aniline an^l its 
homologues by m^ns of nickel. 

In subsequent years Sabajier brancTied qpt into the pro- 
duction of illuminating gases, taking but seycral^ pa*ttnts for 
the formation of mars^Hkga^ aftd ^th^ hydrocarbons frdm 
carborf monoxide and other gSses. 

In 1^07 Sabatier and MaiTle in^^estigated the action of * 
Inely divided nickel and coball on <h^ fatty anhydrides (acetic, 
)ropionic, butyric, etc.), ^ilso on alcoholic’quinoties. 

• Eventually Sabatier took out ^ patent (^^r. Pat. 394, 95?^ 
)ec. 12, 1907) for the catalytic conversion of liquid into solid T 
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fatt/ acids, ^ which, ho\\^ever, wis pot the first one granted for 
th^ purpose. ^ 

^ iVi the meantime Scncl^rens pae^^ed on to the investigation 
of the^catalyth: \jction of ^alum'ina, thoria, and similar earths 
on organic acids, ethers, ketones, etc. 

interesting as all these investigations were from — shall we 
say a catalytic goint of view? — tjipy are mostly outside tli\e 
scope of the V)resent article ; tbcrefore, wb must go^'backca few 
years when we find that, the new ground opening 'up wq^ 
rapidly taken by other observers, the knowledge^ gained being 
applied to colvi ng other problems ihan those apparently 
Yoresefn by the Original investigators at that time. N.aturally, 
the reduction of oleic acid to stean/c was one of the problems*^ 
which s(^on suggested itself, and we find' the first patents taken 
out in *\:his direction t (5 be one granted to Le Prince and 
Sieveke (Ger. Fat. ‘14! ,029, Au^. 1.4, 1902), followed the next 
year by a patent to Normann, of Westphalia (Eng. Pat. 1 5 1 sf 
Jan. 21, 1903)'. In ,the latter' the fatty acid, or glyceride, 
ejtljer in the farin' of vapour or ‘/is a liqu<d is brougjit ii)Jto 
pontact with hydrogen, or a gaseous mixture containing 
hydrogen, e.g-,, water gas, in the presence of a finely divided 
metal such as iron, goj^alt, or '|)referably nick^. The vessel 
used is qylindrical one, filled with a ca<:alyst consisting of 
nicltel reduced from the oxide by me?u«s of hydrogen, ^nd for 
the purpose of exposing ^s 'large a surface as possible this*ls 
precipitaterJ on ? support consisting of p^leces of pumice stone. 

By passing a^strong current of hydrogen through a mixture 
of< oleic acid and catalyst ^.for* a eoncifjerable time it is stated 
thatj.fhb fofmei'^i^s com'pletely co'nverted into stearic acid; while 
tallow treated under th^same' conditions has its melting-point 
faised to the extept of ^ 

ri\®i9o6 Eokin, ‘experimenting with ethereal solutions of 
^\ls and oleic apid and ^catalytic metals, was able to obtain 
reduction. He ‘states that, on treating an ethereal solution of 
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oleic acid with palladiurj bla^k and passing hydrogen through, 
stearic acid could Ije detected at*the end, of half an hotir, 
with platinum black, 24 ^^er cent^ of stearic acnid coul^ be 
obtained in half an hour, 84I per, jent.* af 4 r» 3 ^ hours, and 
90 per cent, ^after 5 hours. ^ With cobalt hydride at 270° 
under atmospheric pressure the reduction of oleic to ste;aric 
atid was ejual to 26 or 2li^er cent, while ii^ a se*aj^d tube at 
highet pressure 60 p^r cent. w»> obtained. Nicl?fel and cobalt 
((prepared from the oxides) also redviceS oleic acid in presence 
of hydrogen^ the former at 45'ti84' C., the latter at 98''- 
250' C. 

Fokin regarded thexeduction, whether electrolyfic oj^other^ 
Wise, as due to occluded •hydrogen ; therefore th'g^se metals 
which oce^ude hydrogen in the highest degree ^re m^^t effiti- 
ent. Feilladium was found to be*the most activ 5 metafl, 
re?luction ^king place at* 180^-200'' C., ^lickel, cobalt, ^hd 
copper in the dVder of activity. The investigated* suggests the 
“ hydrogen ” value of oils as the number C)f c.c.’s of hydrogen 
tlUeasi^'ed at 0° C.*and ydiVmm. pressure, ftb^^rbed by ai; oil 
in contact \^ith molecula**^ palladiuiji, as an analytical factoj^ 
equivalent to the iodine value, with which it agreed very closely 
in several iiist§nces. 

Schwoerer (Gd*. Pat. 199,909, 1906) claims tji^use of a 
ffose *steam-jacketcd containigg a helical trpugh, f)ver 

which tbe materia^, to be hydrog*eni^ed is caused to flow in a 
thin stream. The catalyst, consisting of nigkelis^d asbestos, 
is attached to the underside of the trough. Olpic acid,*^omised 
by a jet of steam in pi^cnCe oT hj^’drogen, is blown into 4 he 
vessel which is kept at a terft|3erature*of C.*,The 

vapours*of oleic acid passing from t^e trough encounter the 
catalyst, and ^e thereby redded. 

In Erdmann’s patent (ter. Pat. 21 1*669* <907) thg *011 in 
t^ie form of a spray is dropped by*a^prjnklej^ on to a layer 
the catalyst, which consists of nickel, supported on pumice or 
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the 'like. ^The "temperature 6f ^he^ ^hambf^r beingc kept at 

i7p°-i8o°C. 

^ a modiiication of^th^s proces5 a tower partly filled with 
the catalyst is'^erkployed^ ^nd it is proposed to distil off the 
saturated product from the reaction chamber under diminished 
pressure. ^ 

In the\festrL}p process' (Eng. P/vt. 7726, 1910) unsaturatcd 
fatty substarfces mixed with 9 catalytic ^gent such as ••finely 
divided palladium, or preferably nickel (the latter 2-3 per cent, 
on the weight of the oil), is introduced in the ferm of a fine 
spray into a long cylindrical-jacketed phamber, heated to 
•i6o'’-]r'7o'' t. ; tiie chamber being fitted with a stirring device. 
P>om th»-'first chamber it is takeh by means of a pipe ancT 
sdVayecf,into a second similar chamber, heated to lOo'^'^C., w'here 
the reaction is completed. If harder products are I'equired 
the' process is ‘"repealed, or thp material is pas^ throifgh 
several chambers. ' ' ^ 

Bedford and Williams (Eng. Pat. 29,612 of 1910) claim 
tl;ie,method of preparing hydroxy hEtty acids, V)r their glyoerid«*3, 
by using a pan heated with a ste5ip coil, in whiclf the material 
is placed along wjth a metallic oxide catalyst (preferably nickel 
oxide, added in the proportion bf about i per qent.) and both 
hydrogec, a^d oxygen passed through. ' 

^Schukoff (Ger. Pat. ^41,823, 19?^) also introduces v^ , 
novel matter in his patent. This is for h^clrogenating'oil with 
finely divided nickel produced from nickel carbonyl. Carbon 
’monoxide is, led oyer nickel at the appropriate temperature, and 
the nickel carbonyl thus , produced ki r led into the oil to be 
hydr/:^hnis^d t*^,a temperature** of 180° C. As soon as suffi- 
cient of the gas is absorbed the temperature is raised .to 220°- 
^40'’ C, whereby the carbcAiyl decomposed, yielding nickel 
in a V‘y finely^ divided state. At this stage hydrogen is leef' 
jn, which accomplishes t^ie reduction. ^ 

M. Wilbushwitz (PT. Pat. 426,^43. IQIO) claims the treat- 
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ment of the oiUwith j csitalyt 4 c agen^ in Cylindrical autoclaves 

with conical bottom?. 'The^oil is blown in St the top in tke 
form of a spray, n^eting an upwarc# cftrr^it ^f hySrogen.* It 
is withdrawn by a tube and blown ‘iifto tbe«second chamber, 
and so on thro«gh a series. The^pressure in this case is high, 
e.g.f nine atmospheres, •and the temperature C. * 

The calsalytic agept m^f be prepared* by* dissolving iron, 
copper, fiickel, etc., in an acid, and mi^ang the solution with 
»t\^ice its weight of a solid inorganic substance. The metallic 
salt is then converted into carbonate^ ignited to oxide, and 
reduced in a current Cf fiydrogdi in a rotary drurn ^t 500° C.,^ 
meta’l enveloping the inorganic particles. Cla^m ft. also 
made for \he recovery ®f the spent catalytic agept. ^ 

On the .same date Crossfields ajd K. E. Marky wer^ 
granted a patent (Eng. Pat. 30,282, 191^0) for J;he preparat^pp 
nickel caNilysts in whicli Ifieselguhr, asbfestos^ pumice, and 
the like substances are impregjiated with a soliAion of nickel 
sulphate, and the product treated witli •an*all^ali hydroxide to 
pr^cipiftite nickel hydroxide jjpon the porous hnaterial ; afte^i* 
well washing, the substance is dried ?ind reduced. •If kiesel-® 
guhr*is employed the finished ^product shouM contain about 
30 per cent. of%iickel. 

^ Thg! Vereinigte Cheijiische Werke A. G. •(G^r. Pat. 
•2*3^488,^1910; Eng. P^. 18,642^1^11) preler to u^e a4Dalla- 
dium catalyst. 

This is precipitateu upon a’liiecai wpicn nas no ai^icaiaiy- 
tic properties, or upon « meta] oxide^or ckrbcfiate. The 
hydrogen is used under ^ pres^sure of*2-3 atmospheres. ^Under 
these conditions it is affirmed tliiit i part of pfelfildium suffices 
to convert 100,000 parts of an oil intefa sohd fat in the course 
few hours.* Certain ga^^^or vapRur^ wfti^ found to jiat^e 
a marked action on the catalyst, entjrejy preveiiTiing its ^tioi^ 
These are arsenic, hydrogen phosphjrfe,«liqui«j hydrocarbons, 
carbon bisulphide, chloroform, acetone, and Irea mineral agds. 

19* 
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In a sabseqi’ent patent (Fr. Pat. 434,927, ,T9iiJthe same 
firm claim the use of solid salts of the^mctals of the platinum 
^roup for fiydrr^^enatifig^oils, the material being heated to 
100'' C. in hydrogen, p.tfferably at a pressure of 2-3 atmos- 
pheres. The reaction ‘is staged to be quicker than with 
palladium or platinum bhick ; while the activity of the salt is 
such that a quaAtit^ of palladium Chloride equal ^o i part of 
palladium will convcr'- 50,000 parts of an unsaturated oil into 
a solid fat. To guard against the liberation of free fatty acids 
by the hydrochloric acid formed by the dissociation of the 
salt, carbonate of soda may be added to the salt of the metal. 

For the preparation of catalysts which are stable in the 
air, Kayser (U.S. Pat. 1,001,279, 1913) reduces oxide of 
nickel or equivalent metal in a current of hydrogen, subse- 
quently passing carbonic acid through the reduced rrietal until 
it has. cooled to the atmospheric temperature. 

In the second patent (U.S..Pat. 1,004,034, 1911) Kayser 
claims the preparafioii of a catalyst by saturating kieselguhr 
Wifh a concentrated solution of nickel sulphate, or othe ‘3 nicKel 
^'salt, leaving it in an apparently oTy condition. This is then 
mixed with the molecular quantity of sodium carbonate, 
thrown- into boiling Mter, dried, and reduced. ‘ 

H. Sclilink & Co. (P^ng. Pat. 9147, 1911) hydrogenate oil 
by prssage through a centrifuge, theMrum of which Carrie‘S a 
lining of palladium catalyst. ^ 

K. F. Wimiher and K B. Higgins (Fr. Pat. 441,097, 1912) 
employ organic 3alts of the catalytic metals. F^or instance, 
100 grms.. of cotton-seed oil pe mrxed with 1-5 grms. of 
nickel formate at a temperature of 170^-200° C., in hydrogen 
under pressure. 

pllis has pateiited tHree forms, of apparatus for the hydro- 
genation of oils (U.S. Paps. 1,026,156, 1,040,531, and 1,043,912, 
of 1912). In Ihe 'fiTsi the catalyst is placed on trays or 
baskets, the oil travels in a cyclic path downwards through 
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several layers of the catilyst,# wh^e Jiydrogen^ passes in the 

opposite direction. In Hhe #second ^patent ^closed conicaj 
jacketed pan is empjoyed, the oij and/hydrogeij beiifg brouglit, 
into intimate contact by taking the frojT\ tht top of the 
chamber and pumping it in at. the Jbwer part of the cone, 
where it bubbles up through the mixture o[ oil and catajysN- 
a process wlych is automatit«and can be contiiued long as 
may be*ii^ecessary. In the third* patent ^n autocKive is em-^ 
f)l(^ed, a pump circulating hydrogen through the oil. When 
the latter has fceen fully treated it is drawn off to a second 
chamber, in which it is sfeamed .to remove noxiouS gases and 
vapours. 

The effe^ct of harde^iiug is to raise the melting anS Solidify- 
ing points, and to lower the jodine valiJe and refractive inde.^ : 
the other Tactors are not affected, but accordi^^ig to W. NormcUi^ 
arj^ E. HugelNthe h3'droxyl groups are more ®r less elimii^ated 
so that the acetyf value of casto/ oil, etc., will be^afected. In 
the case of olein this is converted into ^ita^ilne ; arachidic and 
belftnic%cid are formed froift marine animat oife and may be* 
present in the hardened fatitto the e)«tent of 20 per-cent, or 
even more ; the latter acid is also formed from r^^e-seed oil. 

The effect ob hydrogenation upon va'nius^oils is shgwn in 
the tabl^ of analysis on nexjt page. 

•• According to an article in the 6V/, Paint, and 

• . • * 

hardened oils^rg now toeing ntanijfactured on^a very 

large scale both in Europe and Hie United Staltes. Oils such 
as linseed and whale oil, Ijeing low in prjce, gre larg^y em- 
ployed, but not much c(ftfon-*;eed oii|, although the latter i.? 
now hardened to the required consistency and *(?mploye 3 » in 
the place df the so-called “ compound ^ard • which consisted 
^ginally of 8o«pcr cent, of j:jcton-se(?d oil ftgcl 20 per cent? 
of oleo-stearin. A little cotton-seed oil i^ bein^ hardenVl in 
Europe for margarine manufacture. TJ(Pedt4)tal capacity of the 
hardening plants in Europe is estimated at i, 37*5, 000 barrels 
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of 400 l,b. anf] about half thafl^ q.uantity waj? macie in 1913, 
while in the Urtited States the rapaCiity of the plant in that 
1 ye'd r was *^00,(130 barrek. 


in* 


, Hardened Oils, 

(I *' „ 

! 

Melting- 

I^oint. 

Solidi- 

fyiiig 

Point. 

’• Oleo- 
Refracto- 
meter 
at 40® C. 

iiC 

Acid 

Njumber. 

Saponi- 

fication 

Number. 

1 Iodine 
Number. 

Observer. 

0 

Arachis oil . 

— f 

_ 

56-8 

I-I 

191-1 

84*4 

Bomer 

M )) (Gr^mbi^^ . 

51-2 

*36-5 

50-1 

o'5 

188-7 

47*4 


)i «> • 

44-2 

30-2 

52*3 

i'3 

188-3 

56*5 


». M • 

46T , 

321 

50-5 

0-9 

i8f-4 

54*1 


>1 M • 

53*5 

38*8 

49-0 

, 1*2 

2-/ 

189-0 

42*2 


” V, ’ ■ . * 

437 

277 

' 517 

191-6 

6i-i 


ocsametoil . 

4r« 

33 ‘4 

5i‘5 

0*5 

190-6 

54*8 


,, ‘ „ (t»‘i(;hnical). 

62*1 

45*3 

38-4 

at 50° C. 

47 

188-9 

25*4 


C6non-s^^d oil . ' 

38*5 i 

25‘4 

53-8 

o*b 

^957 

69-7 

Mellana 

Kapok-seed oil,^ . 

59 J 

— - 

— . 


192-3 

41-0 

. 55 

— 

39 

at 60° C. 

— 

191-0 

310 

Soya-b^jin oil 

* ( 

• 68 

— 

’ 42 

at6o°C. 

— 

igo-p 

15*2 

- 

Coco-nut oil (natural) . 

25-6 

20*4 

••37-4 

0*3 

255-6 

11*8 

Bomer 

,, ,, (hardened) 

Whale oil . . i 


277 

35-9 

0*4 

254*1 

1*0 


, 45-1 ' 

33*9 

49*1 

I '2 ^ 

192-3 

45*2 

, ” i'‘ 

^i12llana 

V ,1* . 

522 

— 

29*15 

— 

169-5 

28-? 

^Marine animUl oil 

liquid 

liquid 

6*,.*r 

— 

192*1. 

144-8 

Sandelin 

47‘2 

'34*9 


1*94 

189*3 

23*24 

Grimm 

> > > > y t 1 

Cod-liver oil . . 1 

38-5 

3i’5 

— 

I *00 

188-3 

58*34 

Sandelin 

41-9 

31*9 

■ 48*2 

— 

190-9 

59*8 

Sperm oil,i . . . j 

. H '! 

» II 

56 



— 

15^7 

17*3 

>» 


'A consular report on. the tracSfe of Marseille^ in * i9l'3 
states that two factories were 'oeing baif{ near Marseilles for 
hardening oils, the capital being British, and that a firm of 
fandle Vnakers had been hardening' oils by hydrogenation for 
over <:wOiyejjro. Tke total ovt|)ut oV hardened oils in, 1913 is 
put at 7000-8000 tons, which would possibly be doubled in 
f9i4. c ‘ . 

‘‘One firn:\ c-f candle-makeri' v/ere importing Japanese firlr ' 
'oil tor treatment. "Hardened oils, it is stated, fetch as I^igh 
prices as copra oil,'^ltfeough this state of things was not likely 
to‘‘ continue if larger quantities were produced. < 
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W: 4 h regard to detecting hardaned oilsMn nsftural fats, tlgis 
» is a difficult problem, as thl^h^sica> a^pd many cff the themical 
characters ^re completely altered. Odour and taste entirely 
disappear, and the •colour testif, sucfi as •Becihi ^or Baudoin 
reactions show only faintly or not at* all. ‘These hardened 
fats, however, contain a trace ‘of nickel, which is readily 
detected by the following test : 5-1*0 grrtis. of the /fat are 
heated iji a tftst-tube W 4 th 10 c.c.^of strong* hy 5 ro%hloric in a 
water-bath and shaken from time to time.* The tube is cooled, 
the acid liquid^ separated and evaporated to dryness. The 
residue is then dissolved^in a few drofis of water and tested 
with a I percent, solution of dimethyl-glyoxime, whan if even 
.o*Jy a minute trace of nickel be present a pink.ftolour* is 
produced, V/hich is reildered more intense by* addition ol 
ammonia..^ The test for nitkel may«also be performed on 
the iish obtained by burning 10 grams •of 'th® oif. 
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CHAPTER IX. 


PHYSICAL ^ND'CHiiMICAL EXAM'ikATIQN OF OILS AND FATS. 

The examination of particular oils and fats has already been 
dealt with under the various headings, but ttere are certain 
tests which'-apply to all oils and fats apd these will now be 
considered. The tests may , be divided into two groups, 
physical ^nd chemical. The physical tests consist of : — 
Specific gravity. 

IVfelting-point’ 

Solidifying point. 

Sohdifying point of the fatty acids ( l itre test). 
Refractive iqdex. 

AMd the chemical tests : — 

Acid number. ‘ 

Ether number. 

Saponificatloli number. 

♦^Re'ichert-Meissl number. 

Tolenska number. 

♦.Hehner number, 
lodind number. 

* Atety! aumjjer. 

^ 

AIsq r[uapjtatiye test? for parti/:6lar oils and fats, examination 
of the unsaporfifiable matteJ; and determination of glycerol 
, when necessary. ’ * ^ 

Specific speriftc gravity of oils is usuaU^' 

Aakeft at 15° C. and that of solid fats at some temperature 
above the meting-ybAc, e.g., 40°, 60°, or 100° C. the com- 

(294) 
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parif»n being made with water ^t 15° Q Tlje determination^ 
may be carried out ^ith«r» with the Sprtsngel ]:ube, ^he pykno- 
meter, or specific ^ra^ity^*bottle, or the Westphal balance. 
The Sprengel tube consists of, a U^ifbe^boyi 6ncis of v^hioh 
are drawn out as capillaries and b(?rit*at fight angles •to the 
limbs of the tirt^e. There is a*m^rk on each of the capillaries 
and glass caps for clcpsing the endsw The tube i§ completely 
filled with •the oil by, dippifig the one end into thef liquid and 
exhausting the air by suction through the other end. Tl^e 
‘ tube is then placed in a bath of water kept at i 5° (40°, 60’, or 
100° for fats^ and after about half an hour the excess of oil 
is removed by placing a piece*of blotting paper against on^ 
^f the capillaries and slightly* inclining the tube until ^he oil 
just reaches both rrai^s on the limbs. The tube is then re- 
moved, the caps are put o«, the tub^ carefully wipe:l*dry hnd 
th^n, after standing a short time, it is ^eighe^. •The tuljejs 
also weigh^tl empty, and filled with water at 15°. , From 
these data, the weight of the, oil and the weight of an equal 
^^olume of water are obtained from wlticfi the specific gravity, 
is calctilatec^ 

The Westphal balancels shown In Fig. 76. This consists 
of a*balance, one side of the b,eam being grifdua 4 ;ed. To this 
side is attacheTl a g^lass rod which in thi^ Cc^e takes 4 he form 
of a tkermometer for determining the'temperatui^ oT the oil. 
There a^e a number oT weights, in* the form of rillers*which' 
may be hung on tRe took oiaplaced*at different poiyts on the 
beam as may be required. When the* float i? placec^ jn water 
at 15® the largest weight ljung on thji ho©h wWl just bring 
about, an equipoise. I'his Equals 1 'OC^ Wifh ojfs tl^e satne 
rider is placed at the markqt)!! the beanrf and the srfialler^ 
riders added until an equipoise is obtained, the total weights 
giving the spet:ific gravity. 

% The Melting-Point . — This is defermined by drawings litfle 
of the melted fat into a capillary tub^. •Chisjnay be left opert^ 
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. or Scaled off- by^heat . The tjibe is attached to the bulti of a 
thermometer by»mean's of aomaR elaMicrband'Cut from a bit 

♦ ». ^ /I 

of' rubber tube. The thermometel; is then placed in a beaker 
partly fillec( witfi watdf,Vhe latter being -stirred while it is 
heated*. In the open ttibe the fat rises as soon as it melts 
while in the closed tube it bdccSmes clear. Th6 rising-point is 
really the, softening-point of the fat, the true melting may be 



a degree or two higher in' some oases, oi| tRe other hand some 
fats becopie quitb clear ^before the actual melting-point. 

SolidifyiSig dud ]^elting-(*oint of Oils . — The solidifying 
and mqltin^-poiyts of pils’are found b}^ cooling them in ^ mix- 
, ture bf ice and Salt, until solid, then removing and allowing 
to melt again, the temperature being taken by a thermometer 
placefi in the oil.« ' ^ 

^ Tif/e Test.—l\iQ solicjifying point of the fatty acids or Titije 
^test is an important <;fcsMor fats to be used for candle-making 
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1^71.) The fatty acids jjre obtained by saponilyir^g th« ' 
fat, decompojfing the ftif w^th ac^d, washing and# drying the 
insoluble fatty acicfs atid .ftielting in a test-fube. The ti^be is 
hung in the neck*6T a large fkisk sf) that th#2 fatty acids cdol 
very slowly while they are stirred \\^fh a»thermometef gradu- 
ated in iV c.c* At the comnfeifcement of solidification there 
^ usually a rise in tefnperature of I'^or a” this pain/ feeing the 
Titr(^ 

Refractive I ndex.—Thxs is a vei^ iBeful test for determin- 
ing the puri^ of many oils and fats, and may be carried out 
with Only one or two^drops of material. It is sometimes ex- 
pressed as the ttdie refractiVe index (wat^r =*i’33 ) or ip» 
degrees of the Abbe butyrpmeter scale. The instruments used 
in eithejrcase are similar (see p. in), the gjraduatipns o/ily 
being different The ordinary refttictometer is the* best (pr 
general purposes as it has^ a greater rapgo. 

Acid ^un^ber. — The acid number is fhe nymber of milli- 
grams of potassium hydrate (KHO) required #fo neutralize the 
^ee fatty acids (^ontained jn one grafn of ^ fat or oil, and ie 
estimated by titrating a weighed quantity of the materml* to 


wlych alcohol has been added with 


N 


jQ potassium hydrate 

solution using phpnolphthalein as in*dicat«)r. 

• Saponification Number, which originated with 'Kots^orter, 
and \% also sometimes refej;recf to as the "“Kotstorfer 
number,” is the number o^ milligfam« of potassium hydrate 
required to saponify one gram of tho fat or oil, arvcl is deter- 
mined by heating a we^hqd quantity, of t 4 ie nfhtei^ial with a 
definite amount of half-ndrpial jflcoljolic ^otasi^um, hyefrate 
under an inverted condenser^for half an liour, the sdlutiou 
being then titrated with a ^tandar 3 solution of hydrochl^ic 
acid. A “blank” test wkln an equal volifme of the^st^nclard 
^plution is also performed, the ctifference giving the^amc^nt 
of alkali required for the fat or oil. 
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, Efher Numbeif . — The ether^umberjs the number of reilli-* 
grams of petassiwm hydrclce <requ*ired' ‘co saponify the neutral 
fat 'in one gram of'the material, an(J is lihe difference between 
the acid and sapooiifiqatidnViumbers. 

Reithert-Meissh Nmlbsr . — This figure is a measure of the 
amount of volatile fatty acids ‘present in the fat.' It was first 
used"by‘'K,eichert who employed 2 \ grms. of the sample. It 
has been niojjp oV Idss modified by otl\er workers, notably 
IVLeissl and Wolny, the»amount now employed being 5«grms. 
of material, and special methods of procedure have been laicf 
down which it is necessary to follow in order to get concord- 
ant results^ For fuller details see Levvkowitsch, Chemical 
Technohgy ^and Analysis of Oils^ Fqtsfand Waxes^ Vol. I, p. 
416. Shortly,, the method is as follows > 5 grins, tf'f the fat 
ar,e sapofiified with 2 grps. caustie potash and alcohol, the 
alQobol is evaporated ojT, the soap is decomposed with 40 c.r. 
dilute sulphuric aci( 5 , the liquid i.^ distilled untij^ i fo c.c. have* 
passed over. The distillate is then titrated with a decinormal 
solution of potassium bydeate, usiqg phenolphthalein as indU 
cat\)f, the number of c.c. thus usecj* being the Reiqhert-ll'Ieissl 
nhmber. «> o / 


Polenska IShunider . — This figur,p is a measure of the insoluble 
‘volatile aR:ids. In -this ^method, which mu^^t also be carried 
out as presv:ribed, 5 grms. of the fat are saponified by heating 
with 2 Q grrfis. of glycerine‘and 2 c.c. of caustic soda jy^luthun 
(50 per cer>t.), the solufcioiFis diluted withfpo c.c. of water and 
50 c.c. of difute sulphuri® acid (25 c.c. in i litre). The liquid 


is then distilled until i \o c.c. have, passed over, the liquid is 
cooled t(j 1 5° C.^ ,100 c.p. fiftered,aYid titrated as before, r The 
insoluble acids* in* the flask ai\. then rinsed on to the filter 
pa^oer, dissolved inalboho!, and titrated with decinormal alkali. 
The'nyrnber of c.c.'of*decinormali^kali used is Vhe Polenska 
va^ue. *For further details , see Lewkowitsch, loc. cit., p. 424.^ 
f Hehner figure represents the combined 
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aniounts of*the insoluble fatjy acids, and tthe unsapoyifiabje 
matter. Tail grn^. of the%ample*arefsaponified with alcoholic 
caustic potash, thS aft:ol)|ll is evaporated off and the soap de- 
composed with •sfight excels of^dflut^ sulpliuric acicf The 
fatty acids are melted, cooled, wa^k 5 d with water tilKree from* 
mineral acid", then dried and'w^ighed. 

Iodine Number . iodine Vialue as a means^t)f discrimi- 
nating fats and oili^ wasftTst employed by Hubl^ it^hose method 
is described below. The solutions re^juired for this test art;: — 

1. Solution of mercuric chloride in absolute alcohol, 30 
grms. in 500 c.c. 

2. Solution ( 3 f, iodine ill absolute alcohol, ^25 grms. ^n 
500 c.c. 

The.se are mixied* together in equal proporjions'aijd allowed* 
to stand 24 hours before using. X^is constitutes Hubl’s's^lu- 
41011. , 

3. DStinprmal .solution*of sodium thlbsuljihate, 24-8 grms. 
per litre, accurately standardised against pust iodine. 

4. Potassium iodide solution, io*pe*r cent. 

^ • 

5. Stc^rch solution. 

6. Pure chloroform. 

To perform the test o*2-p*3 grm. of o?l or*o-5-ro gnu. of 
a fat is weired out into a clean, dry1fl^sk,*io c.c. of*chlorofonJk 
^is abided and mixed gentle agitation (if a / 3 tnt is melted 
first), JO c.c. of HubJ’s solution h then added dnd 4 he fla^ 
stoppered and s?t: iiside in®a darl<' place. A “ blank” test is' 
at the same time performed with tJie same quantijties of the 
materials without the«oil^or /at. TJie tkiie flowed for the 
test, will depend upon the ^i^ture^f ttie mal^rial^ fo^mos\ oils 
and fats it should be 3 hour^f but drying t)ils* require ^t lea^t 
18 hours. At the end of this period ij c.c. of the potas^um' 
iodide solutton is added a|id 40 c.c. oH vfaier, and th^ e*xcess 
p of iodine is determined with the.thjoswlphate solutioff, usi^g a 
little starch paste towards the eilQ ^ff th^ operation. 'Plje 
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titratiofi must be performed slo^wly at ^he last, as the violet 
colour does not at once d*isa[5peQr, aA'd thbre*^, therefore, a lia- 
bility ^to overstep ’’the mark. On ♦^tarfding the colourless 
liqu'rd again becpmiss violbt,^'but no notice must be taken of 
Chis. The “blank”' test treated inexactly the same way, 
the difference being due to th^ fodine required for the oil or 
fat. This calculated on *100 grms. of' the fat. For this 
test the pure ‘dqv fifcere'd fat must be 'employed. 

iHubl’s test has been Miodified by Wij’s, Haller, and Hanus, 
but only with regard to the solution used, the methods in all 
cases being essentially the ^same. 

‘ Wij’s reagent consists of a solution of (oAine monochloride 
in glaciaS acetic acid, and may *be» prepared by dissolving 
‘separately, 7*9 grms. of iodine trichloride Mid 87 g.«-ms. of 
iod^ie in glacial acetic acid,vmixing and making up to I litre 
also,.\vith glacial acetic acid. This solution retains its strength 
much better than Hifol’s solution, ^nd it has also a diore ener- 
getic action, so tlfat it allows of the test being completed in 
most cases in half ap hou‘r, and for d/ying oilskin, at the most, 

6 hours. The results are practically \he same as wi^h HiSfbl’s 
^olbtion, usually, however, rather higher and more consistent. 
'JVith pure unsatiffated substances it gives practically the 
/i^ieoretical ^gures. An afternative method of pre{)aring Wij’s 
solution is l;o’‘(j!)issolve 13 grms. of iodine in i litre of glacial 
^cetic ac<d ahd pass in pure,*dry chlorine gas until its titration 
figure is exactly doubled, hVhich point mr^y be noted by a 
marked chctnge to a lighbsr colour. As soon as this occurs 
the current ©f §as should, be cut, off., 

F*or dissolving fhe fat pufe carb^Jn tetrachloride is used in 
place ot chloroform.* 

^cetyl Number.— It'ox tftis^test 1 0 grms. of the fat is heated 
with 'tWjice its wei^ghl of*, acetic anhf^^dride under a’ reflux con- 
denser. *The liquid is then poured into 500 c.c. of boiling , 
^^^Ler and heated fpr hsft' ^ Hour. The acetylated fat which 
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separates oy the^surja^e is washed with water Jill free front 

acetic acid, and dfieci. t'ive grSis. of th^ acetylated faf are 
then saponified ivith a known vchiaie of alcoholic potc?sh,»the 
alcohol is evaporated off, the soapjdisscjWed ^n watei", decom-» 
posed with •exactly the amount ’of a standard solution of 
sulphuric acid required to neut/alize^ the alkali .employed. 
‘The acetic acid lijaerat^^ is then determined either by dis- 
tillation and titration of the distillate, or by^separating ^the 
solid fatty acids and titrating the filtrate. The distilled water 
used in all these operations must be free from carbonic acid. 
The acetyl number is the niwTiber of milligrarfls of potassium 
hydra’te required to*neutrA ize the acetic a*cid liberated from 
one grajn of the cy:etylated oil or fat. 

Unsaponijiable Matter. — ^ThisjJ^ill contain cholee’terirt '(and 
also pTiytosterin if vegetable fats are present^. If paraffin wax 
is presenNthis will also b'e fiound in the iMisaponifiable matter ; 
for the metFiod of detection see p. 151. .iMineral oils and 
rosin oils may also be present as adultt?rants. Unsaponifiable 
Hiydfocarbons liave, however, been detected as norma 4 /:on- 
stituents m some of tl** shark oils, see p. 23.^ 

Cholesterol is present in all animal fats ajid oils ; on the 
other handf all vegetable fats and* ®ils ^contain j^n isomeric^ 
substance named* phytosterol or sittjsterol. The^^^jterols can 
bp isolated from the^insaponifiabJe matter by recry^tallisii!^ 
several times fimr^ alcohc^. *ThA af^pearance of^ the crystals, 
is characteristic, but they a?e best identified by their melting- 
points, that of cholesterol being 148^-1 5o”'C, aiid jhat of sito- 
sterol, 1 36°-! 37° C. • The, sterols# can be converted intonheir 
acetates by heating witli acetic anhydride* ^nef the* 'acetates, 
after fecrystallising several times from absolute alcohol, show; 
very definite melting-poinjs, pufe t:holes^rol acetate jnefting 
at 114” C. and sitosterol acetate, 127” C. 

In some cases it is very import^ttl^p kn^w, as, for instaive, 
with margarine, whether a fat is a pure % animal or^a pure, 
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Vcgetatle father a j^iixture af t^)e two such a gase this test 
is thVi most conclusfi^e. * 

fcRdjently fh6 stprols haVVt beqn isolated 'ffom fats and oils 
rby meansi of digftoahg Afc'oording to Klostermann and Opitz 
the material must first be' saponified and the unsaponifiable 
matter separatxid in th^, usll\ 1 way, but Befz and Augerhansen 
state that it is sciffioient to add ‘tin alcjoholic solution of* 
dig[tonin direef to the fjit or oil, and, after adding chlorqform, 
separate the alcohol, which contains the digitonide in sus- ' 
t pension, the latter being then filtered off. This fs confirmed 

* l^Y Marcusson and Schillitig, who work in r. similar manner. 
The cqitipounds formed by the ‘actiorr of digitonin on the 

* ‘Sterols are known as digitonides ; by heajtipg with acetic acid 

the^’ 'are converted into the corresponding acetates, which 
, after ^purificatbn by jrecrystallisation as above described can 
be examined in the Ksual manner.* ' r" 

The folio w/iDg colour tests fqr cholesterol may also be 
applied to the unsaporfifiablp portion : — 

imager's Test Modified by SalKowsky, — -'The materifcl to^ 
be** tested should be dissolved in about 2 c.c. of chloroform, 
about 2 c.c. of,strGng sulphuric acid is now added and the 
, mixture slviken. If^chcltsterin is present the lic^uid assumes 

a blood-redr colour which' changes to a cherry-red and then 

• * # * ♦ 

^durple. „ ‘ ' ' 

*• Liehermiinn s Test.—fWrz matQ:;ial is ^lif'solved in acetic 
acid and a Httle strbng sul^)huric acid is poured carefully down 
the side o& the tube. In presence (\f cholesterin a violet- 
coloilred ring is formed. ^ ^ ‘ * 

Note. — Rosipj i*3sin acids, a<id rosin oils give somewhat 

* similar reactions, so that if* any of these are present the tests 

would not be relia^jv. ^ ^ ^ i 

The Allowing genei;al ^observations on the physical and 
chf mical constants^jna>*ibe%found useful : — 

. « J/(?///>/^''-Av>//‘.-‘-This increases with the percentage of solid 
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'glycerictes and especially stearin. The solidifying 

point is usually IS)"" i^° belo^v the n?elting-point. The 

melting ‘and solidifying points of Itl'f fatty aci'd? are uciiajly 
slightly higher than those of the and, are close each 
other. , , > • 

Specific Gmvi/y.— The specific^ gravities of sofne of the 
i 5 lubber ojls are exh'em^fy low, sperms oil (o‘876-0'883), 
some* animal oils moderately low, e.r.^ neatsfCiot oil, horse 
, T)il (0-91 3-0-920). The gravities of-^iiost fats and oils at i 5 ’ C. 
lie between ^§-920 and 0*935. 

Refractive /A;^/<;t^“This oonstant increases '’directly with, 
the specific gravity in jnost ♦nstances, an exception i® sperm 
oil, which with a lo^wj^ravity has a moderately high’ refractive ■ 
index. 

AcM Number. — This is usually low in animal fats, but 
varies witluthe quality oPtlie raw material and the length of 
storage. 

Saponification Number. — This is low with sperm oil (1287 
¥^2)«ind high ill butter fat (220-233). WTh most fats* a.nd 
oils it varies between I90^nd 198^ This depeiul,s upon the 
mojecular weights of the glycerides or oth^r compounds' 
present. 

Reichert- Metssl Nilmber. — ihis gives a measui'e of the 
•> amount of volatile tlUty acids (iDutyric, caproio, ci^prylic).’ 
Most fats contain^only trac;"s of vqlatijc fatty acids, equal to 
•3 to *5 per cent, of butyric acid, butter contains' 6 to 8 per 
cent, coco-nut fat aboi^,t 4 per cent, and ip^lrrunut ’fat about 
3 per cent. 

Hehner Number. — This represents the ambunlof insoluble 
fatty a(?ids plus the unsaponifiable nxitter^ Usually the latter 
does not excaed 0-3-0-5 per cent, but iii sj^erm oil it averages- 
about 40 per cent The Hehner numb, er of n^ost oils;,nd fats 
*is about 95*5, that of butter fat 86 - 8 ^ 3 , c^oco-^ut fat 88-90, ar^d 
palm-nut fat 91. 
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Iodine Number . — TI?,is varies wjth tlf? amouni: oi unsdturated 
gl3^^cerides (linolir^, linolenfn, etc.)^ present. Thus it is low 
with‘\solid f^ts'aiid highcVVth oils, especia-Hy drying' oils and 
fish oil ^ ^ 

The nature of the oil or fa/: (;;an. be determined by separat- 
ing the fatty acids haying lead salts soluble in ether and esti- 
mating their iodirje v^lue. The folli^i.vingare the iodine valuds 
of these unsa#urated a^ids : — * 




Atoms of I. for Iodine Number, 

Name. 

Formula. 

I Molecule of Acid. I’cr Cent. 

Hypogeic . , . 


-i. 

lOO’O 

Physetoleir . , 


• 

2 

‘ lOO'O 



*• . ~ 

go'07 

Jecoleic*.' 


2 

85*81 

^■rucid^ . *. 

c,*A 

2 

''ysTS 

Ricinol-iic 


' 2 

85^’24 

yinolic . « . , 

CihH.,,0., 

4 

i 8 i *'43 

Linolenic . , 


. ' 6 

^274*10 

Jecoric . / . 

Clupanodonic .*• 


6 

• 27V10 

c « 

• H 

368*11 

^ Acetyl 

-This is a 

meV.su re 

of the hydrox^'latod 


f^itty acids contained in ac oil. figures, except in a few 

cases, are small, vj^rying from i '0 in coco-nut fat to 22 in h(^rse 
ffat, according to Lewkowitsch. 

I • * 

In th« examination ‘of fats it is not a'lone a question of 
•identifying, a certain fat ai\d establishiifj' its purity, but regard, 
must also be paid to the^. presence of soaji', free fatty acids 
and extran(iious R.on-fatty mattei's, such as water, resins, and 
hydrocart^oiiii. Soaps may be removed by shaking up the 
carbon bisulphide solution the faj with water. The presence 
of free* fatty* aoKJSjdn fats, exc(^pt in large amount, cannot be 
considered an adulteratio*", since they are generally piv'sent in 
sAa/l amount. 0 (^asion%*lly, however, the occurrence of free 
fatty aq^s indicates decomposition (rancidity) of the fat. In^ 
tj)l absence of fr^ fajl^;/ detected by shak- 

ing up the oil with moderately strong alcohol and evaporating 
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the lalten. The separation of ro§in acids' from* free fatty atids 
is most suitably effefted*by’ the ifiothocf pre^ftribed* by T. S. 
Gladding, • which is ^based**on the jeady solubijity of silver 
resinate in ether, whereas silver nitrate, t)lea1:e, •stearate, etc., 
are almost completely insoluble therein. Also by TwitchelTs 
process, the fatty acids being dissolved in alcohol and dry 
hydrochloric acid pa.ssSd i^^ whereby the* true fatf;^^c*ids are 
converged into esters,^hich are*neutral, while th# rosin acids 
ar^ left "unaltered and, after washing to remove the mineral 
acid, can be <^timated by titration. Hydrocarbons can, in 
general, be detected by saponifying the .sample wth alcoholic 
potash (5 grms. of oil,r2^rms.pf potassium hydroxide, c.c 
of 90 per cent, alcohol), the? resulting soap being Hi^:xed tvith 
pure sand,’1;he alcohol driven off by €^^aporation*on th^*wat^f- 
bath at a, temperature not exceeding 50° C., and the Residue* 
extracted wjth ether or petroleum spifit, *^h^ hydrocarbRift 
[ii*esent being left behind on the evaporation of Jlie solution. 





INDEX. 

A. 

i Acids f— 

Acetic acid, 12, ift. 

1 

j Isobi^ylacetic, 13. 

Acetyl number, 300, 304. 

j Isocetic, 12, 

^cid numUer, 297, 303. 

i Isolinolenic, 12, 02 , 

Acids, 12 : — 

i Isovaleric, 12, 13. 

Acetic, 12,^1 lb. 

1 Jecoleic, 12, [9, 234, 

Arachidic, 12, 229. 

I Jecc^ic, 262, 304. • 

Asellic, ' 02 , 

1 .tlWc, 100. 

bzelaic, 28. ^ 

1 Laurie, 12, , 

Jehenic, 12, *829. 

! Lignoceric, r«. 

Jenzoic, 122. 

Linolenic, 12, 262^104. 

iilifpllic, 234. 

Linolic, 12, 19, 157, 262, 304. 

loric, 122. 

' Lior^ trtiin, 24^, 

lutyi^, 12, 13, 101, T04, rtcS. 

Margaric, 12. • 

'apric, 12, 15, 104. 

j Me^issic, 12. 

^aj)roic, 12, 13, 15, 104, iib. 

i Metaphosphoric, 270, 

'aprylic, 12, 15, 104, iib. 

1 Myristic, 12, 103, 254, 254. 

^arnaubic, 12. • 

1 Oleic, «», 17,^103, 304. ^ 

^^erotic, 12, 17. 

1 Orthophosphoric, 270,^2%!. 

Jholic, 234. 

1 Oxyjecoric, 262. • * 

^Fupanqjionic, 304. 

1 ^ Pal^nitic, 12, 15, t()3, *70, ’^3, 

)aturic, 12, 

<% 254 .^ 

)ibromostearic, iH. 

1 Phosphoric, 27*, 271. , 

)oeglic, 12, 13, 19, 208. 

Physetoleic, r:^ 13, 17, 2t)^, 208, 304. 

^Iseomargaric, 12. 

Pyrophosphofic, 27l^^ 27» 

^laid^c, 18. 

Ricinoleic, 12, 302. 

Crucic, 12, 304. 

Rosin, 244. ^ 

"ellic, ^^4. 

Salicylic, 121. 

^ormic, 118. 

Stearic, 12, *16, 103, 166, 172, 212 

ladoleic acid, if, 19, 234. 

'Ae^apic. 234*^35. 

ileptadecylic, 262. 

Tiglic, 12. • 

Hircinic acid, 164. 

\*fell€/Hc,*I2, 207. 

Hypogeic, 12, 17, 304. 

Acrolefb, 5,^59 


(307) 



Addition products,' 27. 

Adeps Lance, 273. 

Adulteration'of buttCr, 106. 

— — lard, 138. 

•— ~ liver oils, 238/ " 

— — spermaceti, 2^3. 

— — tallow, 107. 

^:thal aethalate, 212. 

Ahrens’ ^ipfaratus, 61. . 

Alcohols, 19 

Ccryl, 13. 

. Cetyl, 13, 19, 278. 

Cholesterol, 13, 20, 301. 
Glycerine, 12. 19. , 

Glycerol, 19. , 

Isocholesterol, i^, 20, 301. 
Meli'syl, 13. 

Myricyl, ^3/ 

-Octodcc^l, 13, 1*9. 

Phytosterol, 13, 301. 

Alirflental fats,- 133. 

Alligator oil, 251. 

“ Alpha” separator, 95. 
Ambergris, 208. 

^ American crude lard, 137. 
lard, 137.. 

Ammonia salts, r8i. 

Ammonium Cyanide, 159. 

— sulphide, 159. 

Amylamine, 235. • f 

Analysis ocbutter,tio8-i23. • 
Anii^al fats'and'oils, 91-202. 

— ^ — miscellaneous, 246. 

— oil, 200. 

— waxesiii. 

Arachidic ;i‘'id, 12, 10^3, 229. 
Archangel seal oil, 217* 

Arrtic sperm oil, 208. 

Arnatto ^02, 

r Artificial butter, 124. 

— train oil, 243. 

Ase' lie acid, 262. , ' . 

Aselline, /J35. ‘ 

Arh in butter, 114. * ' 

Astrachan herring oi)i 222.' ‘ ‘ 


A2elaic acid, 28. 
Azo dyes, 106. 


Badger fat, 2. 

Bear’s grease, 2. 

Becchi reaction, 146. 

Beef fat, 146. 

— lard, 106. 

— marro^, 152. 

— stearin, 126. 

— tallow, 144, 152-163. 

Behenic acid, 12, 229. 

Benzine, 159. 

Benzoates, 122. 

Benzoic acid, 122. 

Beiigen liver oil, 231. 

Bilifellic acicj, 234. 

Bilifulvin, 234. 

Biliverdin, 234. 

Black fish oil, 207. 

Bleaching tallow, 176. ' ' 

— with chromates, 179. 

— — hypochlorites, 180. 

^ — — manganese dioxide, 180. 

Blubber oils, 205. 

Blue 0'1> 244. 

Boneblack, 181. 

Bone boiling pan, 185. 

— crusher, 182, 103, 184. 
digester,'’ 196, 197. 

— 180. 

— fat extraction apparatus, 196,' 197. 
,•7- — preparation, 181, 

. — — properties, 192. 

— — refining, 193. 

— rf.arrow, 152, 180. 

-r- meal, 181 

' — oil, 195. 

* — steamer, 188, 19 1. 

Bones, steaming, 186. 

Borates, 122. 

Boric acid, 122. 

Bottlenose whale oil, 208. 

Brochardt’s butter machine, 99. 



Butcrf/er’s lard, 145. 

Butter, 8, 91-124.^, ^ 

— adulterations, ic^. 

— artificial, 124. 

— ash in, 114. 

— churns, 97-102. 

— compositi9n, 103. 

— constants, 105, 

— drier, 129. 

— estimtion, 114. 

— fat, composition, 103, 

— machines, 97-102. 

— melted, 106. 

— microscopici examination, 129. 
milk, 100. 

— mill, 130. 

— oil, 105. 

— pre^,ervatives, raj. 

— properties, 102. 

— toting, 108. 

— water in, 113. 

c, Butyric a^id,’?2, 14, 103, 118. 

Butyrin, 13, 103. 

Butyro-refractometer, no. 

C.' 

Cachelot oil, 207. 

Cagje press, 83. 

Candle-fish oil, ^49. 

Capric acid, 12, 15, 10.^ , 

Caprin, 13, 103. 

Caproic acid, 12, 13, 15, 1044^.. . 
Caproin,^3, 103. 

Caprylic acid, 12, 15, 104, « 18. 
Caprylin, 13. 

Carbon bisulphide, 158. 

— tetrachloride, 61, 75^, 
Carnaijbic acid, 12. 

Casein, 102. 

Cask tallow, 157. 

Caspian seal oil, 203. 

Catalysts, 283, 2»8, 289. 

Catalytic hydrogenation, of oils, 279- 
293. 

Centrifuges, 94. 


^ 309 

Cerotic acid, 12, 1,^:7. 

Ceryk alcohol, 13, 275. 

— cerotate, ij; 

Cetin, II, 212. 

Cetj^^arcohpl, 13, 19,' 278. 

— pxide, 21^. 

— -palmitate, ii, 217. 

Chinese lard, 137. 

Choiesterol, 13, 20, 273, 301 , 

Cholic acid , 234 , 1 

' Churns, 97-102, 127. ' 

Clear^ brown liver oil, 233. 

— pale liver oil, 233, 

Clupaijodonic acid, 304. 

Coal-fish oil, 235, 238-, 242. 

Coco-nut oil, 1 19, .,173. •) 

Cod-liver oil, 230-239, 24^. 

Colour reactions of fisli Oils, 205. 
Compound lard, 13^. 

C^^suet, 33. 

Cotton-seed oil, J75. 

— s*earin, 175. 

Cream, 93. ^ 

Crocodile oil, 251. 

Curcuma, ’106. 

D. 

D’Arcet process of tallow melting, 160.'' 
i Daturic acid, 12. 
j Davis’ Churn, qH. 

I DCgraSj 255-270 , . 

— black, 269. 

, — commercial, 265. 

-• examination, 257^ 

— ^ fish oil, *263. ' 

— '' former, ,;26 1. 

— olein, ^68. ^ 

9 - waste fat, 269. 

De Laval sepat^tft-i, 9^. 

Dibromostearic acid, 18. 

Diapers oil, 200. 

Distilfed wookT^t, 167, 175, 273. 

Doeglic acid, 12, ^8, 208. 

Ddg 

Dolp??in, 7? 
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'!)olph|_n oil, 207. 

' Drying machines, 226^ 227. 
-i- oils, 228, 239. ^ 

a. . 

' Earth-nu( oil, 150. ' 

Edge runners for fat, 30. 
Edible fat, 91, 150. 

— oil,' 150. ' 

Egg oil, 246. ' 
Elaiomargaric acid, 12. 
Elaidic acid, 18. 
Emulsifiability, 109. 

Engel extractor, 75. 

Erucic acid, 12. 

Ether nupiber, ‘298, 303. 
Extracted trait! chI, 245. 
Extraction apparatus, 60-77. 

F. 

Fat's and oils. Animal : 
Alligator, 25:. 

Archangel seal, 2 N, 
Arctic sperm, 208. 
Artificial train, 243^ ' 

A-strachan herring, 222, 
‘’Badger, 2. «, 

Bear, 2. 

Beef (lard), 106. 

— (tall6w) 152-163.'* 
Bergen liver, 'ijir, 

BlacK fish, 2 l>7. 

Bone, 180, 195. 

Butter, 91- ^23. ^ 

Caspian se^l, 203. 
Coal-fish, '.^35, 

C(j)d'liver, 230-239. 
Croco^b, esi', ( ^ 
D( 5 grAs, 255-270. 

Dippel, 200. 

Eafth-nut, 150. 

Edible, ^i. 

Ein-baCk whale, 21^ 
c-Fish, 202, 203, 221. 


Fats andjoils. Animal 
FlortnCine (fVillow),'i72. 

Gpat, 172. ^ 

Goose, 7, 252. 

Greenland seal, 218, 219. 

— “ three crown,” 218. 

whale, 215. 
Gulachon, 249. 

Hare, 251. 

Herring, 2!!\2, 223, 

Hog, 7, 134-150- 
Horse, 199. 

Horsefoot, 198. 

Human, 252. 

•' Italian fish, ■’■203, 22:^ 

.‘Japanese fish, 203, 2-.,, — 
liver, 24, 237. 

Kidney, 53, ^25. ’ 

Labrador 1 ver, 231. 

Lard, 7, 134-150. 

Licyt train, 243. 

1 Liver, 3, 203, 230. , 

Menhaden, 222, 223. 
Merlangus, 235, 238, 242. 
Mutton, 8, 164 • 

Narwhal, 207. 

I Nel'tsfoot, 195-198. 

Newfoundland liver, 231. 

— seal, ^18. 

I Parisian (tallow), 166. 

Pilchard, 222, 223. 

Pollac!'., 203. 

*■ Porpoise, 206,- ^ 
i Kay, 242. 

; '' — liver, 236. 

1 Russij^n, 203, 222. 
r S:ilmoF|;222, 223. 

I fSardella, 222, 223. 

V‘ Sardine, 222, 223. 

Sea-calf, 217. 
i Sea-dog, 217. ^ 

I ^-£1, 203, 2t 6, 237, 238. 
Sesame, 150. 

Seychelle, 248. 
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Fats€lnd oils. Animal 
Shark, 235,- 24^^ 

— liver, 235, 24: 

Sheepsfoot, 195. 

South American (taltow), 172. 
Spanish fish, 222. 

Sperm, 207, 20^, 209. 

Sprat, 222, 223. 

Swedish fish, 203, 222. 

• — “.three crown,’’ 218. 

Talftw, 3, 8, 152-180. 

Tanner’s grease, 255. 

Turtle, 248. ' 

Veal, iio. * 

Viennese (tallow), 17'.^ 17^ 

Walrus, 219. 

Whale, 203, 213. 

Wool, T^, 270-278. 
ats and oils. Mineral 
Blue oy, 244. 

Kftts and oils. Vegetable: — 

Coco-nut, •»I7, T19, 123. 

Cotton -seed, 1^5. 

Palm-kernel, 117, T19, 173. 

Resin, 245. 

> • 

at-cAting machines, 34, 35. 

Fat-extraction plant, 60-77. 

Fat, formation of, 5. 

Faf-grinding machinery, 32. 
Fat-melting apffhratus, 26-60. 

— — by steam, ^3 -66. 

^ — * — in open pans, 3 ^^ 5 . 

-- -5 with caustic so^a, i6r. 

— — with sulpif&ri^' acid, 41^160- 

Fat presses, 77-90, 

Fattening of animals, 7. 

Fatty acids, 12, 

— ^ — liquid, 148. 

— — volatile, 14. 

Fesca’s^ntrifugal machine, 96. 
Filberts’ process, 133. 

Filter presses, 9f-go. 

Filtering apparatus, 87-90. 

Fin-back whale oil, 214. 

Fish glue, 203. 


j^Fish liver .oils, 2Qg. 

1 ^ •oil lyess, 86^ 88. 

I —4 oils, 202, j^03, 221 
I “ — testing, 239. 

I — •sfrap^224., 

! — • !gearin^2^4, 

I ' 4 allow, 167, 171, 203, 214, 
j Florentine tallow, 172. 

! Fluorides, #22. 

I Friedberg’»bon4steamfr, igi., 

g: 


(iad#leic acid, 234. 

(lall constituents, 234. 

Gellhorn, Flottmann^plant, 4^. 
Ghee, 123. 

Ghi, 123. 

Glue, 181-T92. 

Glycerine, 3, 13, 

^^rol, 3, 13, 19. 

Goat fat, T72. 

Goose fjft, 25 
(ireave tallow, 158. 

( I reaves, 155 - 159.* . 

~ • passes for, 156-158. 

I Greenland seat (^ 1 , 218, 219. 

I • “ “ three crown ” oil, 21. 

j • — whale oil, 2 |b. 

Grinding machinery. 32. 

Gulacljon oil, 249. 


Haddock liver oil. 2<fi. 

Ha^ening tallow, ^76. 

Har^ fat. 251. 

Hehner numbet, 120.. 

Heintschel’s pl^nt, 

Heptadecylic^icid, 202. - 
H#rrin^ oil, 222, 223. 

Hexylamine, 

Hog fat, 7, 134- 150. 

Holdnaus’ fat -extracting apparatq^ 67. 
flols!fein chm^ 08. 

Horse fat, 19^. ^ 

Aease, 199. 

Oil*200. 



(Horsefoot oil, 198. 

Huile de graisse, 138. 

Huk.ian fat, 

Hydraulic presides, 79-85. 
H^Jrdcart'^ns, 23. 
Hydrogerised oils, 131,, 2^9-293. 
Hydrotoluidine, 235. 

Hypogeic acid, 12, 17, 304. 

I. 

V 

Intestinal fat, 7, 125, 152. 
Introduction, i. 

Iodine absorption, 299, 304. 
Isobutylic acid, 15. 

^ Isoceryl alcohol, r'3. 
^^Jcholesterol, 13, 275. 

Isocetic acid, 12.,^ 

Isolinolenic acid, 12, 262. 
Isovahric ao d, 12, 13. 

Italian fish oil, 203, 222. 


J. 


Japanese fish oil, 23I', 242. 

— liver oil, 242. 

— wax, 176. 

Ja'./’ oil, 206, 207. 

Jevovic acid, 2b2, 304. 


K. 

Kaiser butter,” 131. 

Kaleczok’s extraction plant, 65. 
ridneyVat, 33, 153. 

Xotsiorfer’s saponification test, 120 


L. 

Labrador liver, oil, -JSi- 
Lacti^*^ acid, loi, 129. 
Lanesin, 

Lkf.nolin, 273. 

_ substitute, 277. 
Laru, ,434-150. 

— adtlterations, ij8. 
— composition, 137. 
examination, 139 


J Lard oil, 138, 150. 

T steyrin, 150. 

Laurie acid, i?, 

Leat?iCr grease, 255-270. 

Lecithin, 20, 131, 247. 

Lefeldt’s churn, g8. 

Levulose, 132. 

Light train oil. 241. 

Lignoceric rcid, 12. 

Ling'lfo^er oil,. 242. 
iLinolenic acid, 12, 262. 

Linolic acid, I2, 19, 137, 262, 304. 
Lion train oil, 243. 

Lipochrome, 204. 

Liquid fat^, 8. 

Livache’s method, 257. 

Liver-oils,^ 203, 230. 

Lockwood and Everitt’s plant, 47. 
Lutidin, 159. 

M. 

Machalski’s extraction pLnt, 70. 
Machinery for breaking down 
•• tissues, 33. 

Margaric acid, 12. 

Marg'\rine, 124-134. 

' 3 - churns, 127. 

— manufacture in France, 

— worker, 128. 

Marine animal oils, 22c. 

— mammaL, 7. 

Marrow fat, 152. 

Medicinal bver oil, 231. 
Mediterranean f...h oil, 222. 
Meikle’s extraction plant, 68. 
Melissic acid, 12. 

Melissyl^tlcohol, 13. 

Melting-prb'lnt, 295, 302. 

MeJnhaden oil, 222, 223. 
kerlangus oil, 235, 238, 242. 
Metaphosphoric acid, 270, 271. 
Microscopic examinatirn of fats, i: 
Milk, gi. 

— composition, 92. 

— separated, 
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•Mflklepaiators, 94. 

— skim, 92 • 

— sugar, 92, 100. 

— whole, 92. 

Moellbn, 265. 

Mollo, 265. 

Morrhine, 235. 

Moulding machine for margarine, 132. 
Mutton fat, 164, 165, 171, 172, 

, steafin, 165. 

— 4 allow, 164, 165, 17T, 172, 

^ Myricyl alcohol, 13. 

.Myristic acid, 12^ 103, 254. 

N. 

Narwhal^oil, 207. 

'^^eatsfoot oil, 195. 

— — properties^i9H. 

Neck fat, 152 

Neutral lard, 144. 

Newfoundland liver oil, 231. 

^ — ••seal oil, 218. 

New HolTand seal*oil, 219. 

Nickel, test for, 293. 

Cb . • 

Occurrence of^animal fats, r, 5. 

Octodecyl alcohol, 13. 

Od<yr of animal oils, 8. 

Oil, blue, 244. 

• Oleic acid, 12, 177103, f^o, 173,254,268. 
01ein,^i, 103, 104, 137. 

- — d^gras, 163, 165, 268. , 

Oleo, 33.* 

Oleomargarine, 124, 166. 

Oleum, animale Dippeli, 200. 

Olive oil, 167. 

Origin of animal fats,. 5. 
Orthophosphoric acid, 270. 
Overfattening cattle, 7. 

Oxycholt^erol, 273. 

Oxyjecoric acid, 262. 

*P. 

•Palmitic acid, 12, 15, 103, 170, 173, 219, 
'■^ 54 . 

— cetyl ether, ti% 212. 

• 2 i 


•Palmitin, Iro, I03,*i37, 105, 166. • 
Ifelrff-kerftel oil, #19, 17J. 

Pan for bone bSiling, 185. 

Pan^ir^lus adiposus, 5.* 

Pans fbr f#t melTingji 36-60, 

Parafilli waxf i 5 i- 
Faris/an tallow, 166. 

I Penguin oil, 221. 

^Phosphatidls, 20. 
j Phosphoric*acid,*27o, 271. 
j Physetolei^ acid, 12, 13, 219. 

! Physttolein, 203. 
j Phytosterol, 13, 240. 

‘ Picolii* 159. 

Pilchard oil, 222, 223, 

Polenska value, if6, 29!?. 

Pollack oil, 203. 

Porpoise oil, 206. 

melting stove, 36.' 
fTemiere torse, 26 1. 

Premier ^IS, h, ?25. 

Preparation ofanimal fats, 3, 50-90. 

— — ho§(lffe, 135, 

— ^ tallow, 153. 

j Preservatives#! It butter, 121. 

Press tallow, 33, 126, 165. 

Preyed whale oils, 216.^ 

Presses, 77-90. ^ 

— hydraulic filter, 87-90. 
Pressin|^t)lubb%r, 31, 86, 'JBb. 
Propylamine, 235^ 

Pykng»meter, 295. 
yridin, 159. 

Pyroj^hosfhoric acid, 270^271. 

R 

Kai^cidity, 'p. 

Rajv tallbw, 33.« ^ 

*Ray liver oil, 2^6. 

Ray offj 242.* 

Kefinifig bone^l^t, 193. 

— Tallow, j^6-i8o. 

Refrattiv#: ind?x, no, 297. 
RefratJofltJler, iii. 

.Reichert-Meissl mimber_ 116, 298, 303. 
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r 

Re-nVilted butter, 106. 

Rendering fat, 26-60. 135, I53ti6s, 

f . * r 

* 192. f 

ReniT-;s’ butte.rmachine, 98. 

I^'sin oil, ‘ '*45. ^ ♦ r 

RicinolL<c, acid, 12. r ^ 

Rivoir’s fat mill, 32. 

— melting plant, 51. 

Robbin’s'exfactor, 72. ‘ 

Rosin^tdetectibii, 304.^ ' 

Russian' fish oil, ^422 

— tallow, 171. 

S. 

Saffron, to6. 

Salicylic^ acid, *^121. ' 

Salmc/n oil, 223. 

Saj:ionificjtion, eqijivalent, 297, 303. 

— *' value, 297, 303.*,^ I 
SVdella oiV, 222, 223. 

Satdfiie oil, 222, 223. ‘ 

Saturated hydrocarbons in shark oil, 23. 
Schweitzer’s ext^djon plant, 71. 
Scrotum fat, 153. 

'Sea-animal oils, 202 • • 

Sei.-calf oil, 217. ' 

Scea-dog oil, 2, 17. 

Sea-elephant oil, 219. 

Sea-leopard oil, 220 
‘ Sea-lion oilf-’Zig. c 
Seal oil, 203*’,i2«:6^ 23Vt 
tSeconU^run taJJow, 158. 

^ Separators, 94. 

Sesame oil, ir,o. 

Scychelle oil^ 2148. ^ 

Shark-liver'oil, 2f’.>, 2<^2. 

Shark oil, 235, 242. 

Sheepsto, oil, , 

Siimple 'presses, 77. ‘ ' 

Skate oil, 242. ‘ 

Sl«> .1 milk, 92. 

Sod oil, ^^^59, 260. 

Solid fan.,' 8. , 

* — detection in mixl’m’.s^.T44. 
oxyacids in d^^ias, 261. 


« * 

Sol ven (^extraction plant, 60:77. 
South' Amerigan tallOw, 172. 

— ^ Sqn seCl oil, 218. 

Spanish fi.sh^il, 222. 

'■Specific gravity, 108, 294, 295. ' 

— - bottle, 295, 

Sperm oil, 207, 208, '209. 
Spermaceti, 212. 

Spindje presses, 156 
Spi^t oil, 2'.^2, 223. 

Sprengel tube, 295. 

Stamping trough, 154. 

Steam lard, 144. “ ^ 

— melting pahs, 43-60. 
♦Steaming bonj^s, 186. 

^tearic apdT 12, r6, 103, t 66,'I72, 2 
Siea^-in, ii, 103, 232. 

-- grease, 171, 172. 

— ,■ press, 85. 

Sterols, 302. 

Storage places of fat, 7. 
Substitution products, 27. 

Suif d’6pluchures, 167. 

Squint, 2J0. 

Sulphuretted hyflrogen, 159. 
Sw'^ish fish oil, 222. 

~,r “ three crown ” oil, 218. 

r 

T. 

Tallow, 152-18^. 

— ^ adulterations, 167. 

— 152. 
bleachng, 176. 
exart,, ination, 168. 

— hardening, 176. 

™ ^melting plant, 37-50, i54-i( 
-- la^tton, 164. 
n— oil. 165. 

» — preparing, 153. 

— properties, 163, 164. 

— refining, 176. 

-i-’ “ titer,” 171, 296. 

Tanner’s grease, 255. 

Testing butter, 1/1)8-123. 

— d^gras^ 257-259. 
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•Testing f^s ar\d oils, 294-^0^ 

— fish oils, f 36-24[i 
hog fat, i39-i5(# 

— spermaceti, 212.. 

— * tallow, 163, 167-176. 

Therapic acid, 235. ' 

Tiglic acid, 12. • 

“ Titer” of tallow, 171, 296. 
Tioncou’s plant, 37. 

Total ^yacMs in d^gras, >62. 
Train tallow, 216. 

^ • — oils, 204, 217. 

• — — artifigiHl, >43. 

Triarachin, ii. * 
Tributyrin, 9, 

^^ricapriiT, 10. 

^ricaproin, to. 

Tricaprylirijfcio. 

Triglycerides, 9. 
Trimethykniine, 235. 
Tfimyristin, jo. 

•Triolein, ii. * 

Tripalmitin, iOi< 

Tristearin, ii. 

J^urtle oil, 248. 

Twitcl^ll’s fa^ty kciu icot, 


j \^altric acid, 

I Vafhation of tallow, i 61 ^ 

I Vie^^e ^llow, 

Vir^n^lallow^ ^58.- * 

Yitanwnes, 22. 

Volatile fatty acids, 14, 104, 117. 
^ulottn oil,«243. 

VValmis oil^ 219. 

Waste fat, d( 5 gras, 269. 

- - Vease, 255. 

— train oil, 221. 

Weddell seal oil, >21. 

Westphal balance, 295^ 

Whale fat, 216. ^ 

^oil, 203, 213, 

— slefrin, 203. 
Wilson’siplat^t, 

Winter’s method, 133. 

Wool fat, 175, 2 7 ^. 

* - distilled, 167, 175, 2' 

- * — pufification, 275. 

-- -- purifieft, 273.’ , 


u. ' z. 

• 

Unpressed whal^oil, 216. Zeiss’ IjM^yro-refractometer, no. 

Unsaponifiable matter, §01. » 

|Jnsat^rated hydrocarbons in^ shark 
liver oil, 24. 
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